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SUMMARY 

The study of Bray ton power systems for nuclear electric space- 
craft was performed to provide a basis for comparison between this 
system and others that have been under study for scmi’' time. Most sig- 
nificantly, this initial study has yielded performance parameters for 
the Brayton system that are very competitive with the alternative 
systems and envelope dimensions that are compatible with the Space 
Shuttle payload bay. 

The primary performance parameters of system mass and radiator 
area were determined for systems from 100 to 1000 kW.. Mathematical 
models of all system components were used to determine masses and 
volumes. Two completely independent systems provide propulsion power 
so that no single-point failure can jeopardize a mission. The waste 
heat radiators utilize armored heat pipes to limit meteorite puncture. 
The armor thickness was statistically determined to achieve the 
required probability of survival. 

A 400-kWg reference system received primary attention as required 
by the contract. The components of this system were defined and a con- 
ceptual layout was developed with encouraging results. An arrangement 
with redundant 400-kWg Brayton power systems having a 1500®K (2240®P) 
turbine inlet temperature (TIT) was shown to be compatible with the 
dimensions of the Space Shuttle orbiter payload bay. The spacecraft 
is deployed from within the cylirdi'ical primary radiator in a manner 
similar t'> the present Jet Propulsion Laboratory (JPL) thermionic 
system design. The preliminary mass determination for the complete 
power sys'-^m is close to the desired 20 kg/kW^ for the specified 
Jovian environment. With further refinement, that the current Brayton 
conceptual design can better this goal. Study results have also shown 
that use of more advanced technology (higher TIT) will substantially 
improve system performance characteristics. 
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Because certain near-term missions with nuclear electric power 
systems are of present interest , a preliminary design concept of a 
100-kW^ Brayton system was also developed. This system was designed 
with essentially current Brayton technology (i.e., TIT ■ 1325*K) for 
operation in the geostationary orbital environment. A flight version 
of this system could be available by the late 1980s. 

Further studies and analyses of refined nuclear reactor Brayton 
space power systems are recommended for continued attention. Brayton 
system technology efforts should be undertaken in the near future to 
assure a proper base for development of flight systems in the lat>3 
1980s and 1990s. 
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STUDY OF REACTOR BRAYTON ROWER SYSTEMS 
FOR NUCLEAR ELECTRIC SPACECRAFT 


1.0 INTRODUCTION 

Studies are currently underway at the Jet Propulsion Laboratory 
(JPL) and at the Los Alamos Scientific Laboratory (LASL) to demon- 
strate the technical f<)aslbility of nuclear reactor-powered sp.^cecraft 
propelled by electric rocket th'usters. Such vehicles would be 
capable of performing detailed explorations of the solar system 
Including rapid trips to the outer planets with massive payloads dur- 
ing the 1990s and into the 21st century. Particular emphasis has been 
placed on the definition of and on technology development for the 
power conversion subsystem with thermionics currently receiving pri- 
mary attention. 

The purpose of this study is to provide con.parative information 
on an alternative conversion system, the Closed Brayton power system, 
to allow meaningful comparisons. 

As a result of the large technological data base available from 
the development of numerous gas turbines as well as the significant 
R&D funding on Closed Brayton Cycle (CBC) engines over the past ten 
years, .iuch engines should be considered an available technology with 
excellent potential for future development. Major questions to be 
resolved include definition of optimum operating parameters and effec- 
tive integration with spacecraft elements including the launch 
vehicle, the nuclear subsystem (reactor and shield) , the waste heat 
rejection system, and the space science payload. These topics are 
addressed in the three casks that have been defined for this study, as 
described in Section 2.0. Estimation of system reliability and life- 
time characteristics is of great interest, but could only be addressed 
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in a very preliminary way within the confines of this study. The 
remainder of this introduction provides additional definition of the 
requirements for the Nuclear Electric Spacecraft. 

1.1 Study Background 

Since the 1950s » the limitations of chemical rockets for exten- 
sive exploration of the solar system and other high-energy missions 
have been well understood. Electric-rocket propulsion was given con- 
siderable analytical and development attention during the past two 
decades and space flight tests were conducted. In comparison studies, 
nuclear electric rocket propulsion was repeatedly shown to be perfor- 
mance and economically effective for the more demanding missions when 
they would be flown. 

In the early 1970s, the post-Apollo emphasis on Earth applica- 
tions and, especially, the development of the Space Shuttle ranspor- 
tation system caused space program planners to terminate all work on 
nuclear systems except for radioisotope thermoelectric generators 
(RTGs) , some advanced reactor concepts, and compatible power conver- 
sion research. 

During the past several years, projections of future space mis- 
sion requirements, both military and civil, have resulted in a renewed 
interest in advanced nuclear systems. The Department of Energy (DOE) 
has technology development programs in advanced nuclear energy sources 
for space at LASL. The NASA Office of Aeronautics and Space Technol- 
ogy (OAST) Space Power and Electric Propulsion Division is funding 
power conversion technology developments, primarily in thermionics and 
thermoelectrics. Although Brayton power conversion in space has a 
history of over 20 years, the present study represents the first 
effort in recent years to asr iss the component and system aspects in 
some detail using both available and obtainable technology. In par- 
ticular, this study addresses the critical issue of space environment 


31-3321 

2 



AIRE8EARCH MANUFACTURiNO COMPANY OF ARIZONA 




8 •tWIflOR or *M| OOOOIM COOP 

PHOCNIX. AMIIONA 


compatible radiator design which has been recognized for some time as 
the major drawback to application of CBC technology. 

1 . 2 Missions for Nuclear Electric Rocket Propelled Spacecraft 

The primary missions identified by JPL for this study are solar 
system exploration of the outer planets with massive payloads. 
Figure 1 shows the net* 400-kW^ nuclear electric, rocket propelled 
spacecraft mass versus time of flight for various thruster exhaust 
velocities. Two cases are shown with different masses of shielding 
for the nuclear reactor. The required shielding mass is probably 
between these cases. Performance is also shown for a 60-kW^ solar- 
electric rocket-propelled spacecraft. As can be seen, substantial 
masses can be placed in Jupiter orbit (1)** which would represent a 
Ukely first use for the nuclear electric spacecraft. Reference 1 
also contains data on flights to other outer planets and on a solar 
escape mission with high net mass and reasonable trip times. Further 
trajectory optimization of these and other high-energy missions are 
expected to result in a strong recommendation for the development of 
nuclear electric rocket propulsion capability. 

In a more recent paper (2), Phillips and Pawlik discuss the design 
of a nuclear electric propulsion system, including the selection of 
thrusters and propellant for outer planet (Saturn, Uranus and Neptune) 
exploration. A power level between 200 and 250 kw^ is recommended 
with current technology for the early missions and growth potential 
for more difficult later missions. These missions could be accommo- 
dated without significant changes in the basic nuclear reactor heat 
source and heat rejection system. 


^Total spacecraft mass less the following term for Cases A and B — (1.03 
propulsion system mass plus shielding maos) . 

♦♦Numbers in parenthesis refer to the list of references in Section 6.0. 
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Figure 1. Net Spacecraft Mass in Jupiter 
Orbit Vs Time of Flight. 
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Other high-energy missions in the 19<)0s and beyond will include 
such candidates as orbital transfer vehicles, both in geocentric 
orbits and throughout cislunar space, highly maneuverable military 
spacecraft, and the initial versions of solar system cruisers. 

1.3 Overall Study Approach 

The study of CBC systems depends on the use of computer-based 
analytical methods. Only with such methods can thousands of candidate 
systems be designed and evaluated parametrically. A computer model 
based on appropriate guidelines and constraints has been created show- 
ing the variables intrinsic to CBC systems to be studied. The guide- 
lines for the model are discussed in Section 1.4. The computer study 
method is described in Section 2.i.i. 

A reference system design at 400 kw^ was evaluated in substantial 
detail and is discussed at some length in Section 2.1.2. Because of 
prospective interest in lower power systems, a preliminary layout of a 
100-kWg system was prepared and is shown in Section 2.1.3. Analytical 
results for systems from 100 to 1000 kW^ using near-term and obtain- 
able Bray ton technologies are given in Section 2.1.4. 

The major technical challenge of this study was the identifica- 
tion of a credible heat-pipe radiator. Early in the study, the 
Brayton power conversion system design parameters were selected from 
computer results which did not include all system components and which 
included a liquid-cooled radiator. A heat-pipe radiator was then 
designed using a separate radiator computer program and the mass 
adjusted accordingly. In the latter phase of the study, these com- 
puter models were merged and analytical representations of all system 
components were included. Achievement of this overall design tool is 
a major accomplishment of this study. Throughout this investigation, 
layouts of radiators were made and evaluated against two constraints — 
reasonable mass and ability to fit into the Space Shuttle bay. 
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Specific heat-pipe designs were evaluated by Thermacore, Inc. under a 
JPL contract. The study results are discussed in Section 2.2.4 and 
presented in toto in Appendix A. The radiator geometry is discussed 
in greater detail in Section 2.3. 

1 • 4 Study Guidelines 

There were two primary goals of this study — first, to study 
nuclear electric propulsion (NEP) power systems from 100 to 1000 kW_» 
and second, to create a t ference design including a system layout at 
400 kWg. The following constraints and guidelines were given in the 
JPL contract (3) o. were expressed as highly desirable by JPL repre- 
sentatives: 

(a) The system should be designed for technology attainable in 
the 1985 to 1990 time frame. 

(b) The system must pro'^uce the voltage level desired by the ion 
thrusters . 

(c) System components must be placed within the shadow of the 
reactor shield. 

(d) The 400-kW_ system and payload should fit within the Space 
Shuttle bay. 

(e) These systems should be designed to operate in a lecently 
defined Jovian micrometeoroid environment throughout the 
mission life. 

(f) System lifetime is 120,000 hours. 

(g) The system specific mass at 400 kw^ should be less than 
20 kg/kWg. 
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The following additional guidelines were assumed by AiResearch: 

(a) No single-point failures are allowed; hencer all systems 
include the mass of a redundant system. 

(b) The 100-kW^ system would use essentially state of the art 
technology. 

(c) The 400- and 1000-kW^ systems can utilize longer term tech- 
nology. 

(d) Turbomachinery design is current state of the art. 
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2.0 TECHNICAL DISCUSSION 

2 . 1 Task 1 - Power Svatein Conceptual Design Studies 

The method and the results of the study of power systems between 
100 and ''000 kW^ are described in the following sections. Conceptual 
designs at 400 and 100 kW. are presented in greater detail. 

2.1.1 Study Method 

The CBC computer design program was used to design thousands of 
candidate systems. This program requires input of key thermodynamic 
parameters to begin the cycle design. The output is complete prelim- 
inary design of the resultant systems, including masses of all compo- 
nents in both tabular and plotted forms. These systems are examined 
in detail and a reference system is selected. From the geometry of the 
components, a layout of the selected design can be made. 

Table 1 lists the array of parameters that were studied. The 
most significant parameter is power level because system mass is a 
strong function of power level. The TIT and cycle temperature ratio* 
are the next most important parameters. The cycle temperature ratio 
dictates the cycle efficiency (from the Carnot efficiency equation) 
depending upon the other parameters selected. TIT coupled with the 
cycle temperature ratio affects radiator size. The compressor speci- 
fic speed, rotor speed, and power level determine the performance 
level of the turbomachinery and system pressure level. Rotor speed 
also determines the mass of the turbomachinery. Recuperator effec- 
tiveness affects thermal input, the mass of the recuperator, and radi- 
ator size. The pressure loss parameter has a strong effect on the 


♦Ratio of compressor inlet temperature (CIT) to TIT. 
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TABLE 1 

INITIAL BRAYTON POWER SYSTEM STUDY PARAMETERS 



Units 


Values 


Net Output Power Level 

kW^ 

100 

400 

1000 


Turbine Inlet Temperature 

®K 

1150 

1325 

1500 

1650 

Cycle Temperature Ratio 
(CIT/TIT) 


0.25 

to 0.40 



Compressor Specific Speed 


0.07 

to 0.15 



Rotating Speed 

krpm 

12 to 

48 



Recuperator Effectiveness 


0.88 

to 0.97 



Pressure Loss Parameter 


0.92 
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mass of the heat exchangers and system performance. The value that 
was selected (0.92) allows good system performance and reasonable heat 
exchanger mass. 

Other variables that affect system mass include compressor pres~ 
sure ratio, heat exchanger pressure drop, radiator sink temperature, 
and meteoroid flux. Compressor pressure ratio is selected to yield 
maximum system performance. Heat exchanger pressure drops are split 
between the heat exchangers for minimum system mass. Reactor thermal 
power affects both reactor and shield mass. The meteoroid flux can 
drastically affect radiator mass. All of these parameters are modeled 
in the computer code. 

The compute: program is a series of overlay programs, i.e., all 
of the thermodyneimic cycles are defined first; then, the recuperator 
for each cycle is designed, next the radiator for each cycle is 
designed, etc. Finally, these results are matched, listed, and 
plotted. Figure 2 shows the manner in which information is trans- 
ferred between these programs. 

The first and most important step is the cycle analysis. This 
program uses the input parameters shown in Table 1. Some other sec- 
ondary inputs, such as alternator design characteristics, are also 
used. This program, based on empirical performance maps of the com- 
pressor and turbine, will design a thermodynamic cycle for a given 
combination of the above parameters. Among the information defined is 
compressor and turbine efficiencies and sizes, alternator windage and 
size, cycle efficiency, and the thermodynamic state points. From the 
thermodynamic state point and rotor size, the rotating unit mass is 
calculated. This design point information i» stored on the computer 
disk. The program continues to design cycles until all combinations 
of parameters are exhausted. 
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INPUT: 



AERODYNAMIC INLET TEMPERATURES, RECUPERATOR EFFECTIVENESS, ROTOR SPEED, 
COMPRESSOR AND TURBINE MAPS, PRESSURE LOSS PARAMETER, FIXED LOSSES AND 
EMPIRICAL CONSTANTS. 


STEP 1 


CYCLE 

ANALYSIS 

PROGRAM 
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— / Ts 

RECUPERATOR DESIGN STATE 
POINTS READ FROM TAPE 


« CYCLE AND ROTOR 
RADIATOR STEP DESCRIPTION 



STEP 8 


STEP 3 
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RADIATOR 
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The next step Is the design of the recuperator. The recuperator 
core matrix and other minor inputs are read in. Next» the cycle state 
point data are read from the computer disk. The recuperator is 
designed, and its mass and geometry are stored on the computer disk. 
After all of the recuperators are designed, the radiator design 
begins. 

The heat-pipe radiator design program was added as a program 
option during this study. The calculation method is discussed in 
Section 2.3.6 (Radiator Conceptual Design). Like the recuperator pro- 
gram, it requires some basic input such as heat-pipe diameter, spac- 
ing, and length; gas heat exchanger data; micrometeoroid model; etc. 
It also uses the cycle state point data to design a heat-pipe radi- 
ator. The dimensions and mass of each radiator are stored on the com- 
puter disk. After a heat pipe radiator has been designed for each 
cycle, the calculation proceeds to ths lumming program. 

In the summing program, the information stored on the computer 
disk is merged to form a complete system description. The mass of the 
remaining system components is calculated as a function of the appro- 
priate cycle variables. Examples are duct mass, reactor mass, shield 
mass, and insulation mass. After the mass of every component is 
defined, the total system mass, system specific mass, and specific 
radiator .tea are calculated. An abbreviated cycle description is 
printed, and the specific mass and area are plotted. The plots are 
shown and discussed in Section 2.1.4. When a candidate system is 
selected, an option that prints the geometry and performance of all of 
the components is used. From this geometry, a system layout can be 
made. 


2,1.2 Reference System Design at 400 kw^ 

The 400-kW^ system is illustrated in Figure 3. This configura- 
tion uses technology expected to be available at least by 1990 and is 
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designed for operation near Jupiter. The largest and most noticeable 
component is the primary heat rejection radiator. Because this entire 
system must fit into the Space Jhuttle bay, the radiator length was 
selected with care. 

The spacecraft is located forward of all other components. To 
fit the payload bay envelope, several components are deployed after 
the unit is released from the Shuttle. The spacecraft and power- 
conditioning radiator both telescope from inside the primary heat 
rejection radiator (this is also a feature of the baseline thermionic 
system) . The ion thruster panels are rotated to a position normal to 
the axis of the spacecraft. 

At the aft end of the spacecraft are the reactor and closed cycle 
power conversion systems. The reactor is the rearmost component. 
Inside the sputter shield and alternator radiator are the dual rotat- 
ing groups, recuperators, and heat source heat exchangers. This con- 
figuration is simple and very compact. 

Figure 3 shows that the specific mass is 20.7 kg/kW^ With fur- 
ther refinement, the system specific mass could be decreased to meet 
or be less than the 20 kg/kW^ design goal. For example, relaxation of 
the micrometeoroid environment to reflect the relatively low fraction 
of the mission duration spent close to Jupiter would result in the 
goal being surpassed without further refinement. More complete detail 
on this system is given in Section 2.3. 

2.1.3 Preliminary Conceptual Design at 100 kw^ 

The 100-kW^ conceptual design was studied in a very cursory 
fashion near the end of the study because of indications of early 
mission interest in this power level. Figure 4 shows the power system 
applied to a large telescoping and deploying space antenna. This 
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power system configuration will fit easily into the Space Shuttle pay- 
load bay. The component arrangement is generally similar to the 
400-kW system described previously. The mass summary given in 
Figure 4 reflects a conservative design based essentially on currently 
available technology. Two completely independent systems provide pro- 
pulsion power so that no single-point failure can jeopardize a 
mission. Although the radiator is "Y” shaped, a cylindrical radiator 
could also be used which would be more compact but more massive. 

The specific mass of 30.4 kg/kW^ could quite clearly be signifi- 
cantly reduced by the use of more advanced technology (higher TIT) . 
Even at the lower TIT, appreciable reduction could be achieved with 
further refinement. Unfortunately, such refinement was not possible 
within the resources available for this study. 

2.1.4 Analytical Results from 100- to 1000-kW ^ Studies with Near-Term 
and Obtainable Brayton Technologies 

Figures 5 through 12 are "shotgun" plots generated by the pre- 
viously described method (Section 2.1.1). Representative plots are 
included for three output powers (100, 400, and 1000 kW^) . These 
plots are presented as representative examples of the analytical 
approach but do not reflect a significant improvement (use of dual 
diameter or necked heat pipes), which was made relatively late in the 
study. The effects of this improvement are described later in this 
section. Each point on these plots represents a specific system 
design according to the parameters of Table 1. Each set of results 
consists of separate plots of specific mass and specific radiator 
area. The specific mass includes the heat source, two completely 
redundant loops for all the power conversion components, the waste 
heat radiator, and required power conditioning components. 

Plots of the 400-kW^ system, designed for a 1995 flight with a 
1500®K (2240®F) TIT are shown in Figures 5 through 8. A five-year 
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Figure 5. Specific Mass vs Overall System Efficiency of 
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1500*K (2240®F) in a Jovian Environment 
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Figure 7. Specific Mass vs Overall System Efficiency of 
400-kWg System at a Turbine Inlet Temperature 
of 150o*K (2240“F) in a Near-Earth Environment 
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Figure 8. Specific Radiator Area vs Overall System 
Efficiency of 400-kWg System at a Turbine 
Inlet Temperature of 1500®K (2240®F) in a 
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Figure 9. Specific Mass vs Overall System Efficiency of 
100-kW System at a Turbine Inlet Temperature 
of 1325*K (1925®F) in a Near-Earth Environment 
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flight system development is assumed with the result that this TIT, 
which can be attained with high-strength refractory materials, should 
be state-of-the-art by 1990. The inferences of this technology devel- 
opment schedule are discussed subsequently. The waste heat radiators 
for these systems employ the fixed cylindrical geometry shown in 
Figure 3. Previously, a hinged, three-panel design had been consid- 
ered that was somewhat less massive but required in-space assembly 
operations (automated welding or brazing at the 400-kW^ power level. 
Comparison of the specific mass data for the Jovian (Figure 5) and 
near-Earth (Figure 7) environments shows the substantial effect of the 
meteoroid armor requirement. These systems have masses that are well 
within the capability of a single Shuttle launch and dimensions that 
fit within the payload bay. 

Figures 9 and 10 show the specific mass and specific radiator 
area for lOO-kW^ systems designed for the near-Earth micrometeoroid 
environment and for a TIT of 1325”K (1925”F) . These systems would be 
based on essentially existing technology (mostly superalloy with some 
well-characterized refractory hot section components) which results in 
relatively large masses and radiator areas. The system configuration 
with a three-panel radiator is shown previously in Figure 4 and fits 
easily within the Shuttle payload envelope. 

The specific mass and radiator areas characteristic for 1000-kW^ 
systems are shown in Figures 11 and 12. The TIT for these systems, 
1650**K (2510**F) , is commensurate with ceramic technology which should 
be available by 1995 (yielding a projected operational date of 2000) . 
Specific mass and radiator area are the lowest of all the systems 
analyzed, illustrating most significantly the payoff of advanced tech- 
nology. As a result of a number of on-going programs (four to six) , 
AiResearch concludes that the ceramic technology will be available as 
outlined above. Indeed, these time frame projections may be conserva- 
tive rather than optimistic. 
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Table 2 shows the effect of environment, power level, and turbine 
inlet temperature on specific mass and radiator area. The table lists 
the specific radiator area of the system that has minimum specific 
mass. The table shows that both specific mass and radiator area 
decrease as power level and/or turbine inlet temperature increase. 
The requirement to operate in the Jovian environment has an adverse 
effect on system mass. 

In Table 2, the values in the column labeled "Specific System 
Mass” were determined directly from the "shotgun” plots. As noted 
previously, the radiator is by far the most massive component in the 
power system. As described in Section 2.2.5, a modification to use 
"dual-diameter" heat pipes was defined late in the study. In this 
approach, a large diameter is used in the evaporator section to yield 
adequate heat transfer from the cycle working fluid and a smaller 
diameter is used for the condenser. This modification allowed the 
radiator to be redesigned for a much lower mass. Estimates were made 
of the reductions possible, and the resultant modifications to the 
specific mass are listed in the column labled "Specific System Mass 
with Refined Radiator". The plots may still be used to determine the 
relative merits of alternative system design points. 

The most important parameter in Table 2 is the specific mass of 
the 400-kWg system. For the Jovian environment, the specific mass is 
21 kg/kWg which is within 5 percent of the design goal. With further 
refinement, this value could probably be made less massive than the 
goal. 400 kw^ systems designed for the near-Earth environment are 
lighter than the design goal of 20 kg/kW^. The advanced 1000-kW^ 
system for Jovian environment has the highest performance of all with 
a specific mass of 15 kg/kW^. 
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TABLE 2 

SUMMARY OP SELECTED BRAYTON SYSTD4 DESIGNS 


Power 

Level 

kW^ 

Turbine 

Inlet 

Temperature 

®K 

Environment 

Specific 

System 

Mass 

kg/kw^ 

Specific 
System Mass 
With Refined 
Radiator 
kg/kw^ 

Specific 

Radiator 

Area 

m2/kw^ 

400 

1500 

Jovian 

28 

21 

0.42 

400 

1500 

Near-Earth 

23 

19 

0.42 

100 

1325 

Jovian 

46 

41 

1.0 

100 

1325 

Near-Earth 

34 

30 

1.0 

100 

1500 

Near-Earth 

29 

26 

0.72 

1000 

1500 

Jovian 

26 

20 

0.38 

1000 

1650 

Jovian 

21 

17 

0.30 

1000 

1800 

Jovian 

18 

15 

0.25 
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2 . 2 TaaK 2 - Primagy Radiator Conctptual D<tzlqn 

In this task, primary waste heat radiator layout studies were 
undertaken. An analytical model of the radiator was defined and used 
in Task 1 to create the designs. Finally, the radiator design was 
checked against the Thermacore heat-pipe data. The gecMietry of the 
radiator selected for the 400-kW^ system is discussed in Section 2.3.5 
below. 

2.2.1 Configuration Studies 

The radiator configurations derived during the layout study are 
shown in Figure 13. There are four designs labeled (A) through (D) . 

All of these configurations are similar in their design approach. 
Each has a gas-to-heat-pipe heat exchanger where the heat is trans- 
ferred to the evaporator section of the heat pipe. Each has a condens- 
ing section and fin from which the waste heat is radiated. Each has 
armor protection ror the condenser section. Some radiate from only 
one side of the panel. 

Conf io>* 'ation (A) is based on a LASL design approach. It has 
four heat-pipe panels with a cruciform gas to heat pipe heat 
exchanger. Inside the heat exchanner are small diameter tubes which 
are joined to the evaporator. These tubes carry the working fluid and 
provide additional heat transfer surface. 

Configuration (B) has eight slightly curved panels which together 
make a right circular cylinder. Each panel has two gas-to-heat-pipe 
heat exchangers because these are two power conversion systems. Eac. 
gas heat exchanger is protected from meteoroid 'mpac by the adjacent 
heat-pipe panels that overlap the heat exchangers. 
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Figure 13. Conceptual Primary Radiator Designs 
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Configuration (C) is a three-panel design with axial heat pipes. 
There is a double heat exchanger located midway the axial length of 
the panel. This heat exchanger has heat pipes that exit from both the 
top and bottom. 

The last radiator concept configuration (D) , has a number of 
telescoping panels. The heat pipes are parallel to the axis of the 
radiator. The gas heat exchanger is located at the top of each panel. 
The major problem with this design is the flexible joints that must 
seal the working fluid loop. 

For this study, configuration (B) was selected for the 400-kWg 
system. A combination of the features of (A) and (C) were used for the 
100-kWg layout. 

2.2.2 Meteoroid Protection 


The armor thickness is based on the equation shown on Figure 14. 
This information was supplied by JPL and includes the effect of opera- 
tion in the Jovian environment. The number oi: failures is based upon 
the binomial distribution. For this study, it was found advantageous 
to design for a high probability of non-puncture. Table 3 lists shows 
the effect of non-puncture probability on armor thickness. 


TABLE 3 


THE EFFECT OF NON-PUNCTURE PROBABILITY ON 
ARMOR THICKNESS 


Probability of 
Non-puncture of 
An Individual Tube 


Percentage of 
Tubes Not 
Punctured* 


Armor 

Thickness 

Ratio 


0.85 

0.90 

0.95 

0.99 


83.5 

1.000 

88.8 

1.134 

94.1 

1.397 

98.6 

2.242 


*99 percent probability that no more than this percentage of 
tubes will be punctured. The specific design for the 400-kWe 
system was based on 95 percent non-pancture. 
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WHERE t IS ARMOR THICKNESS, cm 
C IS 0.00110 FOR LOCKALLOY 
A IS VULNERABLE AREA, cm^ 

T IS MISSION TIME, HOURS 
P IS NO PENETRATION PROBABILITY 
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pi i ) = pm(i-p)n-m 
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n IS TOTAL NUMBER OF HEAT PIPES 
m IS NUMBER OF FAILED HEAT PIPES 


Figure 14. Meteoroid Protection Criteria 
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It can be seen that increasing the non-puncture probability from 
0.85 to 0.95 increases the armor thickness (and mass) by 40 percent. 
This is a worthwhile tradeoff when the major mass is the heat 
exchanger and heat pipes. If a low probability is selected, more heat 
pipes and heat exchanger mass must be added to compensate for the 
failed heat pipes. Excess heat transfer area on both the gas convec- 
tion surface and the radiating surface will ensure that this radiator 
will function as designed when 6 percent of the tubes have failed. 

2.2.3 Analytical Design 

Analysis of the radiator utilizes a computer program. This 
program has been integrated into the cycle design program so that 
radiators can be designed at the same time the thermodynamic cycle is 
derived. Figure 15 summarizes the design method. Input from the 
cycle design program constitutes the major variables, such as: 

o Heat rejection rate 
o Flow 

o Temperature 

o Fluid properties 

o Pressure drop 

Other input, which applies to the particular configuration to be 
studied, is read by the radiator program. This input includes: 

o Heat pipe diameter and wall thickness 

o Condenser length 

o Gas heat exchanger width 

o Heat transfer data 

o Armor model 

With this input, the gas heat exchanger size and radiating area 
are calculated. The frontal area of the heat exchanger (and therefore 
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the evaporator length) is a function of the pressure drop. The heat 
transfer conductance has a strong effect on radiator size. The com- 
puter program calculates the length of the heat exchanger based on the 
conductance and radiating temperature. Evaporator length is changed 
as necessary to satisfy pressure drop. The program iterates until 
both heat transfer and pressure drop requirements are satisfied simul- 
taneously. 

When the calculation has converged, the mass of the radiator is 
calculated. This mass includes heat pipes, fin, armor, two gas-to- 
heat-pipe heat exchangers, and associated heat exchanger components 
(wrapup, headers, duct extension, and flanges). 

The last step is to compare the computer heat pipe results with 
data on specific designs supplied by Thermacore. Tf the result is 
favorable, the conceptual design is accepted. If not, iteration is 
required. 

2.2.4 Heat-Pipe Data 

Appendix A includes the results of the Thermacore radiator heat 
pipe study (7). The important conclusions are: 

o Rubidium is the preferred working fluid for 1 in. OD heat 
pipes when the temperature is above 650“K (710*F). 

o Mercury is acceptable for temperatures as low as 550*K 
(530®F) if the heat-pipe diameter is less than 1 in. In 
fact, the power transferring capability of the heat pipe 
increased as the diameter decreased. 

o Dowtherm A is the preferred fluid below 550®K (530®F) [mini- 
mum radiating surface temperature is 492®K (426®F)]. 

o Other advanced designs might offer increased performance and 
lower mass. 
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2.2.5 Advanced Heat-Pipe Concep^ .s 

A comparison of the performance characteristics of the evaporator 
and consenser sections of constant diameter heat pipes led to the con** 
elusion that this type of heat pipe was not the optimum design. Therm** 
acore agreed that it was possible to design and build heat pipes in 
which the evaporator diameter is greater than the condenser diameter. 
This results in a heat-pipe radiator in which the evaporation area is 
sufficient for convective heat transfer from the gas working fluids 
and the condenser section is operated somewhat closer to the maximum 
heat transfer capability. The smaller heat-pipe condenser section 
minimizes vulnerable area and heat-pipe mass; consequently , armor mass 
is also minimized. This design concept reduced the radiator mass of 
the 400-kWg reference system by 45 percent. Use of alternative 
advanced heat-pipe geometries may provide further substantial mass 
savings. 

2 . 3 Task 3, Reference System Configuration and Component Conceptual 

Design 

The overall reference system design concept is described in Sec- 
tion 2.1.3 above. The 400-kWg spacecraft design that will fit in the 
Space Shuttle orbiter payload bay is shown in Figure 3 with major ele- 
ments identified. The mass summary discloses the radiator to be, by 
far, the major mass element of the 8270-kg total mass. Further 
refinement of this heat-pipe radiator design and of the other compo- 
nents will permit appreciable reduction in the specific mass of 
20.7 kg/kWg. 

2.3.1 Reference System Configuration 

The configuration of the 400-kW^ Bray ton power system is shown in 
Figure 16* with the nuclear subsystem farthest aft, away from the 

*Approximate dimensions for the power conversion components may 
be scaled from the figure. 
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Figure 16. Configuration of 400-kW^ Brayton Power System 
For a Nuclear Electric Spacecraft. 
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spacecraft, and the compactly clustered components of the two power 
conversion systems next to the panel-mounted ion engines. The cylin- 
drical radiator encloses the spacecraft during launch and, thus, is 
between the spacecraft and the power system in the deployed configur- 
ation. 


A schematic of the dual Brayton power systems used to eliminate 
the single-point failure mode in the nuclear electric spacecraft is 
given in Figure 17. Both completely independent systems, each of 
which is capable of producing 400 kW^, are operated at half power 
under normal conditions. In the unlikely event that one of the 
systems becomes inoperable, the failed system is turned off and the 
pressure level doubled in the remaining system to restore full power 
output. Other means of assuring the required reliability for long 
durations are conceivable but the above method is preferred, at least 
until quantitative reliability and mass trade-off studies are accom- 
plished. 

Brayton cycle state points for the 400-kWg reference system are 
given in Figure 18. The reactor with an outlet temperature of 1600"K 
provides the thermal energy to the heat source heat exchanger that 
provides the temperature rise from 1114 to 1500*’K. The primary radi- 
ator provides the compressor inlet temperature of 500*K. The mass 
flow is 7.5 kg/sec. 

2.3.2 Nuclear *^ubsystem 

The nuclear subsystem configuration is delineated in Figure 19. 
The two major components are the reactor and its lithium hydride neu- 
tron shield. Controls, insulation, shield cooling heat pipes and 
radiator, and the mercury propellant tank, which serves as a gamma 
shield, are also shown in the figure. 
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Fxgure 18. 400 kW^ Reference Power System Brayton Cycle State Points 
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Th« relation of heat-pipe cooled reactor characteristics to the 
characteristics of the nuclear subsystem are diagrammed in Figure 20. 
Preliminary determinations have been made of reactor and subsystem 
specific mass; the other characteristics remain for future analysis. 

Reactors 


LASL has provided parametric data on heat-pipe cooled reactors 
with uranium oxide (UO2) and uranium carbide (DC) fuels. These data 
(8,9) are included in Appendix B. Data were also provided on gas 
cooled reactors (10) but they have not been used in this study. Char- 
acteristics of the nominal 1650-kW^ reactor selected for the 400-kW^ 
reference power system are shown in Table 4. The hexagonal fuel 
elements are made from a 60% UO2-40I molybdenum mixture and have a 
central heat pipe for removing the thermal power. This reactor is a 
0.6 m "square" cylinder with a total mass of 875 kg. The reactor 
specific mass is 0.53 kg/kW^. The design concept for this LASL refer- 
ence reactor is shown in Figure 21. 

Another reference reactor with 400-kW^ nominal thermal power was 
Identified for the preliminary conceptual design of the 100-kW^ power 
system with the characteristics listed in Table 5. This reactor has 
Uranium carbide-zirconium carbide fuel elements. It has a 0.24-m 
diameter and a 0.24-m length, and a mass of 346 kg so that the specific 
mass is 0.87 kg/kw^. The configuration of the 400-kW^ reactor can be 
seen in Figure 22 to be similar to the 1650-kW^ reactor. 

LASL has recently published data on a new layered core heat-pipe 
cooled reactor design concept (11). The 1200-kW^ thermal power ver- 
sion is shown in Figure 23. Data on these new reactors have been made 
available too recently to be incorporated in this study although the 
layered core offers many improved ch&i-acter istics. The reactor mass 
at 1200 kW^ is currently given as 470 kg for a specific mass of 
0.39 kg/kW^ which should result in considerably improved system param- 
eters. 
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TABLE 4 


LASL REFERENCE REACTOR CHARACTERISTICS - 1650 kWt (nom.) 


REACTOR TYPE 

THERMAL POWER 

LIFETIME 

FI«L TYPE 

FUEL ELEMENT CLAO 

HEAT PIPE WALL/WORKING FLUID 

NO. OF FUEL ELEMENTS (AND HEAT PIPES) 

FUEL ELEMENT WIDTH (ACm)SS HEX FLATS) 

FUEL ELEMENT LENGTH 

MAXIMUM FUEL TEMPERATURE 

AVERAGE POWER IN FUEL SPACE 

FISSION DENSITY 

FUEL SWELLING 

FUEL (235o) BURNUP 

CORE DIAMETER 

CDRE LENGTH 

CORE VOLUME 


CORE VOID FRACTION 
CORE POWER DEN9TY 
REFLECTOR MATERIAL 
STRUCTURAL MATERIAL 
REACTOR DIAMETER 
REACTOR HEIGHT 
REACTOR VOLUME 


REALTOR POWER DENSITY 

REACTOR OUTLET (HEAT PIPE) TEMPERATURE 

REACTOR MASS SUMMARY, kg 

FUEL (^U MASS > 1S0.6 kg) 

REFLECTOR 

HEAT PIPES (112.24 kg/m) 

CONTROL SYSTEM 
SUPPORT STRUCTURE 


TOTAL MASS 


REACTOR SPECIFIC MASS 


FAST SPECTRUM. HEAT PIPE COOLB) 
16S0 kWt 
87.6 X 1Q3 h 
UO 9 - Mo (60%) 

Mo 

Mo/Li 

210 

0j 02«6 m 
0.3756 n 
1696 K 
S3 MWfAn^ 

4.968 X 10^0 FISStONS/cm^ 

1.11 VOLUME % 

4j6 atom % 

0^756 m 
0^756 R 
0.042 m3 
0.^ 

393 MWt/m3 
Bm, BtO 
Rto 

03056 m 
03866 m 
am m3 
9.76 MIIVt/m3 
1600 K 


27b 

322 

166 

33 

57 

875 

0330 kg/MVt 
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Figure 21. LASL Reference Reactor Design Concept - 1650 kW^. 


(nom. ) 
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TABLE 5 


LASL REFERENCE REACTOR CHARACTERISTICS - 400 kW^ (noia. ) 


REACTOR TYPE 
THERMAL POWER 
LIFETIME 
FUEL TYPE 


FUEL ELEMENT CLAO 

HEAT PIPE WALL/WORKING FLUID 

NO. OF FUEL ELEMENTS (AND HEAT PIPES) 

FUEL ELEMENT WIDTH (ACROSS HEX FLATS) 

FUEL ELEMENT LENGTH 

MAXIMUM FUEL TEMPERATURE 

AVERAGE POWER IN FUEL SPACE 

FISSION DENSITY 

FUEL SWELLING 

FUEL BURNLM 

CORE DIAMETER 

CORE LENGTH 

CORE VOLUME 

CORE VOID FRACTION 

CORE POWER DENSITY 

REFLECTOR MATERIAL 

STRUCTURAL MATERIAL 

REACTOR DIAMETER 

REACTOR LENGTH 

REACTOR VOLUME 

REACTOR POWER DENSITY 


"^CTOR OUTLET (HEAT PIPE) TEMPERATURI 
REACTOR MASS SUMMARY, kg 
FUEL (2 *Hj 
REFLECTOR 
HEAT PIPES 
CONTROLS 

SUPPORT STRUCTURE 


TOTAL MASS 


REACTOR SPECIFIC MASS 


fast spectrum, heat pipe cooled 

400 kW, 

87.6 X 10^ h 

UC - ZrC 

Mo 

Mo/U 

84 

0.0246 m 
0.2381 m 
1S54.2 K 
47.83 MWJm^ 

4.474 X 1020 FISSK)NS/cn|3 
6.44 VOLUME % 

Z15 ATOM % 

0.2381 m 
0.2381 m 
0.0106 m 
0.329S 

37.74 MW^3 
Be, BeC 

Mo 

0.4681 m 
0.4481 m 
0.0771 m 
5.188 MWJ)i|3 
1425 K 


9Z0 

16Z1 

36.5 

33.0 

2Z7 

346.3 

0.66E kgAW, 





3N 



SPRINGS -CORE LOAD 


PLUNGER 


CONTROL DRUM 
(TYP.) 


B« REFLECTOR 
SECTOR (6) 

B4C CONTROL PLATE 

^ B4C ABSORBER 

lULTIFOIL INSULATION 


SECTION A-A 


kW^ (ncno. ) 


ORIGINAL PAGE 13 
OF POOR QUALITY 






AIREBEARCH MANUFACTURINO COMPANY OF ARIZONA 

*>HOCNni. AMlfONA 


ORIGINAL PAGE IS 
OF POOR QUALITY 


HEAT PIPE 
(Na/Mo) 


THERMAL 

INSULATION 

(MULTI-FOIL) 


REFLECTOR 

(BeO) 


FUEL LAYERS 
(UOj/Mo) 


CORE CONTAINMENT 
(Mo) 


THERMAL INSULATION 
(MULTI-FOIL) 



DRIVE SHAFT 


INSULATOR 

(ZrOj) 

SUPPORT PLATE 
(Mo) 

ABSORBER SEGMENT 
(B4O 


CONTROL DRUM 
(Be) 


DRUM BEARING 


REFLECTOR (Be) 


Figure 23. LASL Layered Core Heat Pipe Cooled Space Power 
Reactor Design Concept - 1200 IcW^. 
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Radiation Shields 


The nuclear radiation shielding has not been given detailed 
attention since the requirement is similar to the design used for the 
thermionic systems. Tailoring of the lithium hydride neutron shield 
to reduce its mass is shown in Figure 19. The propellant tank is 
located so that it can be used as a gamma radiation shield and is sized 
to hold an additional quantity of mercury for this purpose. 

2.3.3 Heat Source Heat Exchanger 

The heat source heat exchanger (HSHX) is the highest temperature 
component of the closed cycle system(s). This component looks like a 
typical tube fin heat exchanger and is illustrated in Figure 24. The 
geometry and performance are also summarized on this chart. The ope'-- 
ation differs from a normal heat exchange because this design has 
equal heat flux from each tube. This occurs because each tube is 
actually the condensing end of a heat pipe. The heat pipe receives its 
heat in the nuclear reactor and gives it up in the heat exchanger. The 
heat is transferred to the working fluid by convection from the heat 
pipes and fins. In the reference system, the HSHX receives working 
fluid fv'om the recuperator at 1114®K and provides it to the turbine at 
1500®K. 

There is a heat source heat exchanger for each power system. 
Because of the nature of heat pipes, when each evaporator section is 
operated at half power (the nominal operation), the maximum metal tem- 
perature is reduced from the 1583®K (the value when only one section 
is in use) . This heat exchanger is all-molybdenum construction. This 
material is also used in the heat pipes. 
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GEOMETRY: 

FINNED TUBE 
TUBE OO » 2.5 cm (1 in.) 

NO. FIN/cm » 10 (25 finsAnch) 

FIN LENGTH » 0.5 cm (0.2 in.) 

FIN THICKNESS = 0.25 mm (0.010 in.) 

NO. FINNED TUBES > 162 
CONDENSING LENGTH = 41.2 cm (16.2 in.) 
GAS FLOW LENGTH = 67.8 cm (26.7 in.) 
HEAT EXCHANGER WIDTH - 33.0 cm (13 in.) 
PERFORMANCE 

MAX WALL TEMPERATURE « 1583^K (2390®F) 
CONDUCTANCE = 21 kW/>K (11Btu/$ec-®F) 

FIN EFFECTIVENESS = 67 PERCENT 
EQUAL HEAT fIuX PER T'JBE 
ALL MOLYBDENUM CONSTRUCTION 


Figure 24. Heat Source Heat Exchanger Concept and Characteristics 
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2.3.4 Combined Rotating Unit 

The combined rotating unit (CRU) Is a highly efficient, single 
shaft, closed Brayton cycle design that has resulted from many years 
of development and test In Industry and government, especially under 
NASA sponsorship. Figure 25 Is a rendering of the engine. The three 
primary components are the compressor, turbine, and alternator. 

The compressor Is a state of the art design. It Is radial outflow 
type with backward curved blades for maximum efficiency. The turbine 
is the radial Inflow type with straight radial blades. It Is also 
state of the art aerodynamic design. 

Both the compressor and turbine are relatively small wheels. 
Moderate specific speed and relatively high Reynolds number result in 
high component efficiency. The actual design parameters are shown in 
Table 6. 

Prior experience Indicates that the CRU bearings are one of the 
most critical components for a long life space power system. The 
alternator is mounted on one pair of foil journal bearings. The com- 
pressor and turbine are mounted on a larger pair of similar bearings. 
Two sets of foil thrust bearings absorb the aerodynamic thrust of the 
compressor and turbine. Foil-type gas-lubricated bearings are 
designed such that all excursions are absorbed by a film of gas, which 
together with the foil, has a definable spring constant. With proper 
design, the rotor does not contact any bearing surface after it 
achieves a small fraction of the normal rotational speed during start. 
Because nothing rubs, there is no wear-out mode. 

The alternator has a high performance samarium cobalt rotor. 
This rotor is smaller and lighter than a Rice alternator. Because it 
is smaller, the windage loss is much smaller. The alternator has the 
following performance: 
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TABLE 6 

TURBINE AND COMPRESSOR WHEEL CHARACTERISTICS 

Turbine Cowpressor 


Pressure Ratio 2.01 


2.18 


Tip Speed 

Mean Specific Speed 
Tip Diameter 


440 m/sec (1440 ft/sec) 
62.0 rpm-ft^'^^/sec^/^ 
23.4 cm (9.2 in.) 


Reynolds Number 380,000 


Mass 


11.4 kg (25 lb) Refractory 
or Advanced Superalloy 


400 m/sec (1300 ft/sec) 
58.5 rpm-ft^/^/sec^/^ 
21 cm (9.3 in.) 

24 X 10® 

2.7 kg (6 lb) Titanium 


Efficiency 


91 Percent 


86 Percent 


Comments 


o State of the art aero 
dynamic desinr. 

o Relatively small wheel 
with low tip speed 


o High efficiency because 
cf low pressure ratio, 
moderate specific speed 
and Reynolds number 

o Low risk aerodynamic 
design 
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Efficiency 

Output 

Frequency 

Voltage 


96% without windage 
408 kW^ 

3000 Hz 

500 Line-to-Neutral 


The alternator is mounted adjacent to the compressor rather than the 
turbine so that it has a lower temperature environment. The alter- 
nator is cooled by heat pipes. The heat is dumped by the alternator 
heat pipe radiator. 

2,3.5 Recuperator 

The recuperator is the component which enables thu high effic- 
iency of closed Brayton cycle engines. It exchanges the heat from the 
turbine discharge gas to the colder gas leaving the compressor. 
Extensive recuperation leads to relatively low-pressure ratios in the 
turbomachinery. Low-pressure ratio yields simple^ highly efficient 
compressors and turbines. The mass of the turbomachinery is also 
reduced. All of these beneficial results require increased recuper- 
ator mass. Shotgun plots such as Figures 5 through 12 illustrate this 
effect, revealing the best combination of components to be selected 
for each application. 

The recuperator is shown in Figure 26. It is a pure counter flow 
design to minimize mass. Each flow is split and moves through alter- 
nate finned passages. The heat from the turbine discharge gas is 
exchanged by convection to the fin and wall and thence to the other gas 
stream. Each stream is completely sealed from the other. 

The selected recuperator uses a conventional fin design of 
8 fins/cm (20 fins/in.). The heat transfer data were derived from 
AiResearch development testing. Similar finning is used in present 
production units. The computer code uses this data tocj- ‘-her with the 
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EFFECTIVENESS 


■ 88 % 

WELL WITHIN STATE-OF-THE-ART 


TOTAL PRESSURE DROP (AP/P) 

OVERALL LENGTH 

HEIGHT 

WIDTH 

MASS 

HEAT TRANSFER RATE 


1 . 6 % 

48 cm (19 INCHES) 

79 cm (31 INCHES) 

41 cm (16 INCHES) 

366 kg (805 Ib^) 

1662 kWf (1471 BTU/8EC) 


MATERIAL - HOT END MUST BE REFRACTORY (Cb) 

- COLD END COULD BE SUPERALLOY (HAST-X) 
OTHER ASSEMBLY OPTIONS 

- REFRACTORY HEAT PIPE HOT END, HAST-X 
USED AT TEMPERATURES BELOW 1033<>K (1400°F) 



Figure 26. Recuperator Design Concept and Characteristics 
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gas properties, state point, and desired effectiveness and pressure 
drop to calculate the gecnnetry and mass of this heat exchanger. 

Each recuperator has a mass of 365 kg (805 lb). The effective- 
ness of 68 percent is easily within the state of the art. (Effective- 
ness defines the percentage of heat available from the turbine exhaust 
gas which is transferred to the compressor discharge gas.) The design 
is compact, with dimensions shown on Figure 26. The only area needing 
development is manufacturing technology. Analytical study is needed 
to define the assembly method. The refractory materials are well- 
characterized, but some work is needed to demonstrate joining tech- 
niques. Other heat exchange/manufacturing options are available and 
should be explored. 

2.3.6 Heat-Pipe Radiator Design 

The heat-pipe radiatcr is the largest and most massive component 
in the power system. This radiator rejects the fraction of the input 
heat that is not converted to electricity to the sink of space. Fig- 
ure 27 illustrates the heat balance for the entire system. The geom- 
etry of the radiator is defined by the closed cycle engine design 
program. This geometry is a function of heat rejection rate, com- 
pressor inlet temperature, pressure drop, and flow rate. This radi- 
ator was designed to fit into the Space Shuttle bay. 

The cylindrical radiator is composed of eight identical panels. 
The amount of bending of the heat pipes required to yield the cylin- 
drical geomet.y has no deleterious effect on the heat-pipe perfor- 
mance, according to Thermacore. The manner in which these panels 
overlap is shown in Figure 28. The gas heat exchanger of each radi- 
ator is protected from micrometeoroid penetration by the overlapping 
heat pipes from the adjacent panel. A multifoil insulation blanket is 
also sandwiched between the gas heat exchanger and heat rejection 
panel to provide thermal isolation and additional micrometeoroid pro- 
tection. 
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1070 kW^ 
i 

8J 

1 

MAIN RADIATOR 

( 


RECTIFIER 

RADIATOR 


REACTOR 


BRAYTON SYSTEM 


1518 kW« 



RECTIFIER 


408 kW« 


400 kW. 


1.1 KVDC 


20 kW^ 20 kW^ 

THERMAL LOSS ALTERNATOR 

RADIATOR 


ION THRUSTER 


Figure 27. Heat Balancer for 400-kW Brayton Power Systei 
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'WORKING FLUID RETURNS 
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HEAT PIPES 


'WORKING FLUID RETURNS 


-WORKING FLUID HEAT 
EXCHANGER MANIFOLD 


>MUTIFOIL INSULATION 
BLANKET 




'LOW CONDUCTIVITY 
STRUCTURE SUPPORT 


-HEAT PIPE OF ADJACENT PAiKL 


-RADIATOR HEAT PIPE 


Figure 28. Cylindrical Heat Pipe Radiator Conceptual Design 
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Figure 29 is an illustration of the heat-pipe radiator that shows 
the gas heat exchanger, heat pipes, and fin. There are two gas heat 
exchangers, either of which can carry the entire thermal load to the 
heat pipes. When both redundant power systems are operated at half 
power, each heat exchanger carries half of the thermal rejection load. 
In any event, the radiator panel always carries the entire thermal 
load. 


Figure 29 also lists the performance of the hot-end and cold-end 
heat pipes as well as the geometry of the gas heat exchanger. Diameter 
of the evaporator heat pipes is 2.5 cm (1 in.) to achieve adequate gas- 
side heat transfer area. The diameter of condenser heat pipes varies 
from 0.6 to 1.3 cm. This use of dual diameters greatly reduces the 
mass of armor from that which otherwise would have been required. The 
mass of the heat >"*ipes is also reduced. 

As the data in Appendix A show, the smaller diameter heat pipes 
have adequate heat-transfer capacity with reasonable temperature drop 
down the pipe. Clearly, a larger diameter heat pipe would have a 
greater heat transfer capacity. While analytical methods have not 
been fully characterized for a tapered pipe (e.g., a large diameter 
evaporator coupled to a smaller diameter condenser with a short 
tapered transition), such pipes have been fabricated and tested. 
Thermacore ha'^ concurred that this approach is basically sound and 
that there should be very little uncertainty of the feasibility of 
such a pipe. 

A mass summary for the radiator is given in Table 7. The two 
largest contributors are the gas heat exchanger and heat pipes. Some 
mass reduction in the heat pipes is possible if thinner walls are used 
(the present design has a wall thickness of 3 to 6 percent of diam- 
eter). Mass reduction is also possible with the new armor design 
being investigated by Thermacore. Furthermore, th' ... ss of the gas 
heat exchanger could be reduced by use of composite materials. Some 


31-3321 

58 



31-3321 



AIRESEARCH MANUFACTURING COMPANY OF ARIZONA 

a OlvisiOR or rnf caaatrT coa»o«ario« 

PHOENIX. ARIZONA 


EVAPORATOR 


REDUNDANT 
EVAPORATOR/ 
(THIS section) 
ASSUMED / 
ADIABATIC I 
IN HEAT PIPE V 
ANALYSIS) f 


CX>NDENSER 



1 

1 


rm 



1 


FINS 




WORKING FLUID MANIFOLDS 


GAS TEMPERATURE 
RADIATiNG TEMPERATURE 
WORKING FLUID 

HEAT REJECTION/HEAT PIPE 
EVAPORATOR FLUX 

NUMBER OF HEAT PIPES 
PER PANEL 
HEAT PIPE DIAMETER 

NUMBER OF PANELS 
GAS REYNOLDS NUMBER 
RADIATOR FIN EFFECTIVENESS 
RADIATOR SURFACE EMISSIVITY 
FIN THICKNESS 
FIN LENGTH 
EVAPORATOR LENGTH 
CONDENSER LENGTH 
HEAT EXCHANGE WIDTH 
EVAPORATOR HEAT PIPE DIAMETER 
CONDUCTANCE 
CONDUCTANCE MARGIN 


HOT END 

770K 

691K 

RUBIDIUM OR 
MERCURY 

1.0 kWf 

5 W^on^ 


COLD END 

SOOK 

484K 

DOWTHERM A 

0.23 kWt 
1 W|/a:i^ 


170 105 

0.6 cm 13 cm 


8 

85700 
038 
0.90 
035 cm 
' ?5 cm 
T; i cm 
/6.0 cm 
5.6 cm 
23 cm 
3.8 kWJK 
201i 


o o 

-0 ' 

O •' 

C 7 


-< ^ 


Figure 29. Heat Pipe Radiator Heat Exchanger Design Concept and Characteristics. 
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TABLE 7 

MASS SUMMARY FOR RADIATOR WITH DU AL> DIAMETER HEAT PIPES 


Component 

MasS/ kg 

Evaporator Heat Pipes 

766 

Heat Exchanger Wrap Up 

1433 

Condenser Heat Pipes 

650 

Armor 

439 

Fins 

752 

Total 

4040 
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slight reduction in fin mass is also possible. Summing these contri- 
butions would result in a total radiator mass of less than 3800 Kg. 
This would reduce the system specific mass (Jovian environment) to 
20 kg/kWg. 

Stainless steel was selected 'or the heat pipes because of its 
compatibility with the heat pipe working fluids. Steel was also 
selected for the gas heat exchanger because of its strength to weight 
ratio. Beryllium or Lockalloy (Be38Al) was selected for the armor 
because of its low density, high modulus of elasticity and high ther- 
mal conductivity. Either of these materials could also be used for 
the fin because of low density and high conductivity. 

2.3.7 Power Conditioning and Associated Heat Rejection 

The power conditioning is accomplished by a solid state device 
which converts 500 VAC line to neutral to 1100 VDC. This device is 
basically a bridge rectifier. Efficiency is 98 percent. 

The waste heat from this device must be rejected to space. A 
separate heat-pipe radiator is used. The evaporat'^^ is thermally 
attached to the appropriate electronics. The condenser is attached to 
a fin and radiates the waste heat to space. For the 400-kW^ NEP, this 
radiator is a right circular cylinder 0.6 m high and 4 m in diameter. 
During launch, this radiator is stored insidt "lain radiator with 
the payload. After launch, the radiator and .oad are deployed, 
allowing the closed cycle engines and thrusters to be activated. 

2.3.8 Alternator Radiator 


As shown ir Figure 27, the alternator radiator must remove 
2C kW^. This radiator comprises the aft 2 m of the 3.2 m diameter 
cylindrical enclosure of the power system which is sufficient to main- 
tain the alternator temperature at 390“K (240*P) . Contact with ion 
engine designers indicates that there will be minimal interaction with 
ion beam and that thin graphite coatings (c * 0.85) will provide sat- 
is factory erosion resistance. 
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3.0 CONCLUSIONS 

Current results clearly show that a nuclear electric spacecraft 
with a 400-kW^ reactor Brayton power system can be placed in orbit by a 
single Shuttle launch. The 400-kWg reference system identified by 
this study employs a 1990 technology turbine inlet temperature of 
1500“K (2240*P) using available refractory alloys and other conserva- 
tive design parameters. Practical systems over the power range from 
100 to 1000 kWg have been identified with TITs from 1325 to 1650®K, and 
possibly 1800*K. Essentially current (1985) to projected (1995) tech- 
nologies are represented, utilizing materials from superalloys to 
high -temperature refractory alloys and, ultimately, to ceramics. Use 
of a heac-pipe-cooled reactor, independent redundent power conversion 
loops, and heat-pipe radiators eliminates the single-point failure 
modes The specific mass performance parameter for the 400-kWg power 
level is within 5 percent of the goal of 20 kg/kW^ which compares 
favorably with power systems based on other conversion means. Further 
refinement of the 400-kWg system design with the new LASL layered core 
reactor, specif i'^ally tailored Brayton components, and more detailed 
design of the primary radiator based on new heat-pipe concepts will 
provide specific system masses below 20 kg/kw^. 

The heat-pipe cooled reactors now beino defined by LASL utilize a 
relatively new concept that employs advanced technology. These 
reactors have great promise for broad applicability. Substantial 
research and technology work as well as subsequent development and 
testing are needed and should be strongly supported. 

While closed Brayton cycle technology is receiving support 
because of its breadth of recognized applications, the special 
requirements for space service (e.g., performance parameters such as 
low specific mass, high efficiency, and reasonable specific radiator 
area; very high reliability with long life; and low comparative costs) 
need to be evaluated by parametric systems analysis and subsequent 


31-3321 

62 



AIREBEARCH MANUrACTURINO COMPANY OP ARIZONA 


161 


FHOKNIX, AlttlONA 


research and technology work. Typical topics that need to be 
addressed include high-temperature materials, advanced heat 
exchangers, rotating machine elements including bearings, heat-pipe 
space radiator concepts, power processing elements, etc. Broad 
research and technology efforts in applicable types of advanced heat 
pipes are especially needed. 

Future space missions are currently not well enough defined to 
permit proper focusing of technology and development efforts. More 
detailed optimizations of various classes of advanced missions are 
needed combining spaceflight trajectory analysis and parametric sys- 
tems analysis with programmatic factors in the 1990 to 2010 time frame 
and beyond. This work is needed to help identify the kinds of techno- 
logy that will be most useful and its timing. 

Based on the study results, space power systems that use closed 
Brayton cycles may well find application in future nuclear electric 
spacecraft when definitive comparisons with other systems that include 
all pertinent factors are completed. Clearly, further work is needed 
to ascertain the degree and extent of the promise of CBC system vis-a- 
vis the competing power conversion systems. 
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4.0 RECOMMENDED FURTHER STUDIES AND ANALYSES 

Based on results of the work accomplished in this study as well 
as previous efforts over many years on space power system development » 
the following recommendations are made for further studies and analyses 
of reactor Brayton power systems for nuclear electric spacecraft. In 
order to keep a technology viable, some continuity of effort is needed 
that keeps a minimum level of effort active. This is especially true 
at present when the new capabilities of the Space Shuttle transporta- 
tion system are beginning to be understood and exploited. The Shuttle 
will have an increasing influence on the course of solar system 
exploration in the late 1980s, 1990s, and beyond, especially as the 
contribution of nuclear electric rocket propulsion is realized. 
Closed Brayton cycle power conversion, in both its established and 
advanced forms, has a role to play in the space power systems that are 
needed for solar system exploration, as well as a wide variety of 
other missions. 

4 . 1 Refined System Designs , Including Reliability-Life Character istics 

The conceptual design of the 400-kWg reference system should be 
refined to include LASL's new layered core reactors, specifically 
designed Brayton components, and detailed design of space radiators 
based on we 11 -developed heat-pipe data. It may be desirable to 
investigate other specific power levels; for example, the currently 
identified 1200-kW^ LASL layered core reactor would provide between 
250 and 350 kW^ using a Brayton power conversion system. In addition 
to determination of performance parameters in greater detail, it is 
timely to undertake the introduction of reliability and life factors 
in the analysis. The conversion of the present system design code 
into a parametric systems analysis code with modular elements should 
also be investigated. 
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4.2 Advanced Component Design 

Current analytical techniques do not allow tailoring each Brayton 
component in detail for specific mission as well as system require- 
ments. AiResearch recommends that the effect of novel heat transfer 
concepts, materials, configurations, and other requirements be investi- 
gated for the major Brayton components. A typical system design, such 
as the current 400-kW^ approach, would form the basis for this effort. 
Such important considerations as reliability, life, and cost need to 
be included as well as performance tradeoffs. 

4 . 3 Space Radiator Designs with Advanced Heat Pipes 

The primary heat rejection radiator is the dominant element in 
Brayton power systems for space applications. Special attention 
should be given to further conceptual design and analysis of space 
radiators with advanced heat pipes configured especially for this use. 
Many neoteric heat pipe designs, with wall materials and working 
fluids matched to the specific requirements of temperature, shape, 
meteoroid protection, and other pertinent requirements, should be 
evaluated. 

4 . 4 System Operations and Safety 

A study is recommended of the operational requirements of Brayton 
systems in space power service. The various operational phases such 
as system assembly, ground checkout, launch operations, orbital trans- 
fer, automated start-up, and power system regulation in space need to 
be studied and analyzed, especially with respect to their effect on 
overall system safety. Interactions of the Brayton components with 
the nuclear subsystem, spacecraft, and space transportation systems 
should be evaluated in, at least, an introductory manner. Preliminary 
outlines of the required system safety documents should be generated 
for interactive discussions with cognizant agencies. 
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4.5 Probability of Mission Success 

The influence of the power system on the probability of mission 
success and the design and operational characteristics of the Brayton 
components are recommended for study in detail. This will require 
definition of typical missions in terms of mission goals and opera- 
tional sequences. Since nuclear electric spacecraft will be used for 
complex missions throughout the solar system for durations of ten or 
more years, these reliability/availability studies are required 
to maximize the probability of performing a wide variety of missions 
successfully. 

4.6 E conomic Analyses Including Risks 

Although non-recurring and recurring costs of Brayton power sys- 
tems for space cannot be determined now with satisfactory accuracy 
(since only conceptual system designs and sketchy mission application 
information are available), it is not too soon to begin to develop the 
methodology for economic analysis. At the least, this will result in 
the necessary data being identified. Economic analyses of advanced 
systems, especially if they are to deal with risk, must be conducted 
on a probabilistic basis. Since it is necessary to keep such analyses 
as simple and clearly defined as possible, as appropriate to the 
available data and sophistication of the results, it is strongly rec- 
ommended that the methodology for such analyses be formulated rela- 
tively early in the development program. 

4 .7 Space Shuttle Compatibility 

An understanding of the Space Shuttle transportation system in 
some detail is necessary to be sure the Bray ton-powered, nuclear elec- 
tric spacecraft will be compatible with ground, launch, and space 
operations. Early attention to the detailed interfacing of the 
Brayton power system with the nuclear electric spacecraft and the 
Space Shuttle or biter in all regimes is recommended. 
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5.0 RECOMMENDED TECHNOLOGY EFFORTS 

In general, the closed Brayton power conversion system can be 
characterized as a mature technology ready for application (e.g., 
flight system development). The rather unusual operating conditions* 
required for the optimal systems defined in this study engenders a 
requirement for technology development in certain areas. Also, it 
must be recognized that there is currently very little supporting 
research or advanced technology either underway or being proposed 
which is aimed specifically at the requirements of space Brayton 
systems. Therefore, this section addresses these supporting tech- 
nology needs and defines a preliminary schedule. This program would 
result in the required technology being demonstrated by target dates 
that are commensurate with current projections of flight system appli- 
cations. 


As summarized in Figure 30, a scenario of projected technology 
utilization for prospective flight applications has essentially been 
developed in Section 2.0 of this report. This figure indicates that 
the power requirements will increase exponentially with time. As 
described previously, a five-year flight system development and quali- 
fication program is assumed; therefore, technology readiness** needs 
to have been demonstrated five years before the proposed launch date. 


*In terms of past space studies as well as more contemporary analyses 
of terrestrial power systems, the results of this study are charac- 
terized by lower efficiencies, higher ratios of CIT to TIT and lower 
recuperator effectivenesses to minimize the radiator mass and, there- 
by, the system mass. 

**Technology readiness is that stage of system, subsystem, or component 
development where all major problems associated with achieving the 
specified on performance goals have been solved and where the solu- 
tions to problems have been successfully demonstrated through actual 
hardware design, fabrication, and test programs. At this stag?, there 
remain no major risks for an agency or contractor in scaling up the 
technology (if full-scale demonstration has not been performed) and in 
proceeding with mission/commercial development of the system, sub- 
system, or component. 
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TECHNOLOGY READINESS TARGET, CY 


Figure 30. Prospective Nuclear Spacecraft Power Requirements 
Versus Technology Readiness. 
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Figure 30 ehowe three increasingly stringent levels of nuclear 
reactor powered system applicationst 

o lOO-kW. power systems in the early 1990s 

o 400-kW. power systems in the mid 1990s 

G 

o 1000-kW power systems at the turn of the century 

A schedule which lists the technology development areas required 
for increasingly sophisticated missions is shown in Figure 31, and 
discussed in some detail subsequently. It is important to note that 
approaches to the required technology can be defined at this time, 
e.g., no fundamentally new technology or "technical breakthrough" is 
required. 

In projecting the techr ^ ogy requirements, the reactor heat 
source is not included. It was assumed that the current LASL develop- 
ment program will continue under independent sponsorship and that this 
program will yield the reactor technology as it becomes required. 

5 . 1 100 kW^. System Technolog y 

The current application forecast for this system is geocentric 
orbital power. Because of the large Shuttle lift capability for this 
class of missions, it is not necessary to achieve minimum system mass 
or volume to have a viable approach. This resulted in the choice of 
the 1325®K TIT, as noted previously. 

The most necessary technology for this class of missions is in 
the area of materials. Current superalloys are limited to 1144 to 
1172"K (1600 to 1650^F). Late developments in alloy modification 

using rapid solidification with powder metallurgy have cui;:ently 
resulted in allowable TIT increases of 56 to 83®K (100 to 150*F) with 
further improvement possible. 
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CALENDAR YEAR 


TECHNOLOGY 


100 kWL SYSTEM 
MATERIALS DEVELOPMENT 
HEAT SOURCE DEVELOPMENT 
FOIL BEARING DEVELO**MENT 
SPACE RADIATOR 

HEAT PIPE LIFE DEMO 
WORKING FLUID CHARACTER. 
DUAL DIA H.P. DEMO 
TECHNOLOGY READINESS 

400 kW. SYSTEM 

MATERIALS DEVELOPMENT 
HEAT SOURCE DEVELOPMENT 
SPACE RADIATOR 

REQUIREMENTS DEFINITION 
ADVANCED ARMOR DEV. 
ADVANCED GEOMETRY DEV. 
TECHNOLOGY READINESS 

1000 kW. SYSTEM 
MATERIALS DEVELOPMENT 
ONGOING PROGRAMS 
APPLICATION STUDIES 
CERAMIC TURBINE DEV. 

HEAT SOURCE DEVELOPMENT 
RECUPERATOR DEVELOPMENT 

TECHNOLOGY READINESS 


1981 1962 1963 1984 1965 



Figure 31. Schedule of Key Power Conversion Technology Eleaents 
Required for Reactor/Brayton Space Power Syst^is. 
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The relatively well characterized refractory metals such as 
niobium have adequate stress carrying capabilities but questions 
regarding potential degradation due to even the low oxygen partial 
pressure which exists in near-Earth space must be resolved. For 
example, the durability of existing anti-oxidation coatings in the 
hard vacuum of space must be established. 

A substantiated bank of standardized design data needs to be 
assembled, including definition of design nominals and minimums as 
well as an accepted methodc ogy for life projection. Thus, a fairly 
comprehensive materials characterization effort will be required. 

The reactor heat pipes are exposed to the highest temperatures in 
the closed loop and, as previously noted, will be made from refractory 
metals such as molybdenum or niobium. Methods of efficiently inte- 
grating these heat pipes into the heat source heat exchanger need to 
be studied, analytically and empirically. Potential approaches 
include an all-refractory metal design as well as one in which the 
heat exchanger wall could be made from metal, using internal insula- 
tion to limit hot spot exposure. In the latter case, either a ther- 
m lly resilient seal between the refractory and superalloy or a 
weldment/brazeroent into a diaphragm- type thermal stress relief might 
be used. 

In recent years, foil type gas bearings have come into increas- 
ingly wide-spread use in various commercial turbomachinery. For exam- 
ple, the bv.arings on the DC-10 air-conditioning air cycle units have 
accumulated over 53 X 10^ bearing operating hours of operation and 
currently exhibit a mean time between bearing failure of 249,000 
hours. Concurrently with these applications, dramatic strides 
advanced this technology from an empirical base to a discipline 
solidly supported by analysis and field operation. However, this 
analytical characterization effort has recently stagnated. To provide 
a proper technology base, this effort needs to be re-instituted to 
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establish a uniform methodology (including analytical, fabrication, 
inspection, and performance verification) for a variety of applica- 
tions including space power systems. An important element is the 
development of a hydrodynamic/elastic computer model. The derivation 
and empirical verification of the predictions of such a model will be 
extremely significant in the avoidance and/or timely correction of 
problems during future applications. 

The heat-pipe radiator for the 100-kW^ system (Figure 4) requires 
very little extension to existing technology. A ground-based, hori- 
zontal, extended life test of heat pipes using Dowtherm A and either 
mercury or rubidium working fluids should be instituted as early 
practical to demonstrate that no unanticipated life-limiting mechau 
isms will be encountered. The data base for rubidium, especially, and 
mercury, to a certain extent, is insufficient for the heat-pipe 
designer's needs and should be expanded. The thermal decomposition or 
other life-limiting behavior of Dowtherm A should be investigated 
thoroughly as a function of temperature. To cut down the radiator 
mass, a statistically significant number of dual diameter (large 
evaporator, small condenser) heat pipes should be fabricated and sub- 
jected to thermal performance limit testing. Space testing of repre- 
sentative heat pipe designs should be undertaken at the earliest 
practical opportunity. 

5 . 2 400-kw_ System Technology 

Since the interplanetary spacecraft propulsion system uses the 
full Shuttle launch capability both in terms of injected mass and pay- 
load bay 'olume, power system performance is critical. Therefore, a 
higher TIT was selected for this system. In discussing the technology 
development implications for support of this system, it has been 
assumed that the items described in the preceding paragraph will have 
been completed, either in support of the lOO-kw^ system development or 
under other program sponsorship in the intervening period. 
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The biggest payoff for the 400-kW^ system is in the area of heat- 
pipe space radiator technology development. A comprehensive effort 
should be completed to evolve the most realistic set of environmental 
design requirements, particularly in the definition of micromsteoroid 
flux levels. The variations in such exposure over the candidate mis- 
sions should be defined so that the armor is designed realistically. 

Armor geometries, materials, and manufacturing and application 
techniques should be investigated to minimize the penalty due this 
factor. The results of the current Thermacore study suggest that this 
topic has only recently begun to be pursued in the required depth. 
However, it may well have been completed prior to 1985, as the dashed 
line in Figure 31 indicates. 

A concomitant effort on the investigation of the performance 
improvements possible by using advanced geometry heat pipes should 
also be completed, if not accomplished in the intervening years. Con- 
figuration-pumped and mechanically-pumped heat pipes are examples of 
the advanced types that need to be considered. 

Additional materials development will be required to enable the 
1500®K TIT (Figure 18) to be attained. Molybdenum and tantalum alloys 
are the leading candidates. The data base on these materials is 
sketchy and quite dated; thus, a significant effort in this area is 
indicated. Machinability , manufacturability, joining, and space 
environment tolerance under operating conditions are additional topics 
that will need to be addressed. 

It will also be necessary to integrate the more advanced refrac- 
tory materials into the heat source heat exchanger. It is believed 
that techniques which will have been developed for the lOO-kw^ heat 
source will be applicable, but this needs to be confirmed. 
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5 . 3 1000-kW ,. System Technology 

The projected missions and launch vehicles for this class of 
power systems are in the very early definition phase. Thus, it cannot 
be stated unequivocally that the higher performance selected for this 
system will absolutely be required. In the eventuality that lower 
performance is acceptable, the 1000~kW^ missions could be accomplished 
by ganging three of the 400-kWg systems with a fourth as the redundant 
spare to yield an overall system with fairly respectable performance 
specifics. 

However, it must be recognized that the historical trend in aero- 
space is to use the available technological capability to the fullest. 
Few rocket-powered vehicles have been launched that used only a frac- 
tion of their lifting capability, and there is little reason to sus- 
pect that this trend will change in the future (early projections 
regarding the usage of the space transportation system not 
withstanding). Therefore, this section will address technology devel- 
opment required to support the CBC systems operating at a TIT of 
1650"K (2510®F) as listed in Figure 30. 

In common with the systems described previously, the largest 
implication is on the materials needed for the high temperature com- 
ponents. As noted in Section 2.1.4 and indicated by the dashed line 
in Figure 31, the ceramic technology needed for this system is cur- 
rently under active development for a number of programs. The differ- 
ing requirements of the space power system will necessitate that a 
thorough a.ialytical study, with possibly some supporting empirical 
effort, be undertaken to define how this technology may best be 
applied. 

Following this effort, three fabrication/demonstration efforts 
associated with materials integration into critical components should 
be pursued. The ceramic turbine and associated static components 
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Should be fabricated and assembled unless prior efforts have shown 
that components of the appropriate scale and materials have already 
been achieved. Most probablyi ceramics will have to be used exten- 
sively in the reactor and ceramic heat pipes will be used between the 
reactor and heat source heat exchanger. The approach for providing 
extended surface on the condenser end in the heat source heat 
exchanger and the methods for seali’'-' and integrating the heat pipes 
through the wall (ceramic or metallic) of the heat exchanger must be 
developed and demonstrated. Higher temperature capability materials 
are also reeded for the recuperator. However, this should be within 
the range of the advanced refractories that will have been demon- 
strated at that point. Therefore, a fabrication/assembly technology 
demonstration program with these materials should be accomplished. 
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HEAT PIPE DESIGN FOR CBC RADIATOR 


The 400 kW Closed Br&yton Cyc] >ower system for the Nuclear 

2 

Electric Propulsion Spacecraft has been designed by Garrett AiResearch 
to use heat pipes to achieve a thermally effective radiator which has a 
high survival probability. It is also anticipated that the heat pipe 
design will lead to a low specific mass. The heat pipe design evaluated 
in this work is for use in a cylindrical array as seen in Figure 3.1. 

This design has eight dual gas-to-radiator heat pipe heat exchangers fed 
from a dual central duct. The heat pipes are attached to both gas ducts 
over a length of 43 cm on each duct. Thust the hr at pipes provide armor 
protection for the gas ducts. 

In normal operation, the total 86 cm length attachment over the heat 
pipes to the gas ducts will be used as heat pipe evaporators. The 
condenser is 176 cm long. If either gas duct or engine fail, then 

the whole power load will be transferred to the heat pipes through only 
one of the 43 cm attachments. Accordingly, for design consideratin, the 
heat pipe must be sized as though it had a 43 cm evaporator, 43 cm adiaba- 
tic and 176 cm condenser. 

Four different sets of heat pipe designs were analyzed with respect 
to mass and performance. However, no consideration was given to the 
required heat pipe armor and tradeoffs in the heat pipe diameter versus 
T-bar fins for total mass. The overall heat pipe cell dimension as 
designed by GAR is 3.175 cm (1.25") and includes heat pipe and fins. All 
heat pipes discussed in the Sections 3.1 and 3.2 have computer printouts 
of their performance tabulated in Appendix 1. 
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FIGURE 3.1 



CBC RAPIATOR CONFIGURATION 
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The total power to be dissipated is 1.1 x 10 watts. From the gas 
side of the radiator heat exchanger, heat pipe temperatures were calculated 
by Garrett AiResearch to range from 707°K down to 492°K. The power levels 
are 720 watts per heat pipe at 707°K and 169 watts per heat pipe at 492°K. 
Thus, oA« can be computed to be 2882 x lo"^^ watts/°K^ from: 


P - 


0 A c r 


Equation 3.1 


where 

P > power radiated - watts 
a > Stefan Boltzman Constant « 5.67 x 10 
T ■ heat pipe temperature - °K 
A s individual heat pipe radiating area •> cm 
c » e."fective thermal emissivity 


-12 watts 
cm^-°K^ 


Table 3.1 shows the required heat pipe power for each of the end 
temperatures and each temperature divisible by 25^K. 

Ga* It ' t AiResearch's baseline design is a 2.54 cm (1”) O.D. heat 
pipe with a 0.0762 cm (.03") wall. The optimum heat pipe designs under 
these conditions are seen in Table 3.2. Rubidium is the preferred heat 
pipe fluid from 707°K down to 650°K. Belov, 850°K Dowtherm A (DTA) is the 
preferred fluid. In both cases, a screen covered groove design is found 
to be the lowest mass system. The rubidium heat pipes have a 1.75 Kg 
mass. The DTA heat pipes have a 1.74 Kg mass. 

Table J.3 shows the same heat pipes, which have been, for the most 
part, optimized with vespect to the number of grooves and their aspect 
ratio. The rubidium heat pipes have a 1.48 Kg mass. The DTA heat pipes 
have a 1.55 Kg mass. 



REQUIRED POWER PER HEAT PIPE AT ELEVEN 
DIFFERENT TEMI ERATURF.S 
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TABLE 3.3 
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OPTIMIZED HEAT PIPE MASS £ PERFORMANCE - BASELINE DESIGN 


Evaporator - 43 cm 
Adiabatic - 43 cm 

Condenser - 176 cm 
S = Sonic Limit 
C = Capillary Limit 

Fluid: Rb V'essei: 304 SS 

O.D.: 2.54 cm Wall: 0.0762 cm 

# Grooves: 25 Groove Width: 0.275 

cm 

Fluid: DTA Vessel: 304 SS 
O.D.: 2.54 CB Wall: 0.0762 cb 
# Groove: 25 Groove Width: 0.275 

dl 

Req. 

Temperature Power 

i^T Req. 

Power 

Power 

Limit 

Mass 

Groove 

Depth 

At 9 Req. 
Power 

Power 

Limit 

1 

Mass 

Groove 

Depth 



Watts 


Watts 

Kg 1 

Cm 

°c 

Watts 

Kg 

Cm 

707 

434 

720 

2.43 

815^ 

1,48 

0.02 





700 

427 

6 92 









675 

402 

598 

1 







650 

377 

514 

5.83 j 640-S 

1.48 

0.02 





625 

352 

440 

i 

1 



9.32 

507-C 

1.55 

.055 

600 

327 

373 

: 







575 

302 

315 








1 

550 

277 

264 

j 

- 





i 


525 

252 

219 








500 

227 

180 







j 

492 

219 

169 




3.55 

555-C 

1.55 

! .055 
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The average mass reduction is 14%. Further optimization may result 
in ar additional 1 or 2% mass reduction. However, far greater mass reduc- 
tion can be realized by O.D. and/or wall thickness reduction. 

Table 3^4 shows the 2.54 cm (1") heat pipe with a 0.025 cm (.01") 

t 

wall. This wall thickness is 0.01 times the diameter and has been show, 
to be acceptable for use as a heat pipe containment vessel where external 
buckling is the ultimate constraint, i.e., the internal pressure of the 
heat pipe was less than 14.7 psi, thus long term creep due to hoop stress 
was low. 

The use of a wall thickness 0.01 times the diameter was developed 

0 

for Niobium, which has a modulus of elasticity of 15 x 10 psi . This 

includes a safety factor of 2. Stainless steels have modtli of about 
0 

28 X 10 psi which reduces the thickness/diameter ratio to about 0.008 

with a safety factor of 2. However, the use of 0.01 as a thickness to 

diameter ratio will be used to assure success. 

Examination of DTA at 625°K shows a fluid pressure of 85 psi which 

develops a hoop stress of 4250 psi. This stresr is acceptable, since 

5 o 

316 SS will only creep 0.1% in 10 hours at 1100 F under a stress of 
6000 psi. 

The rubidium heat pipes have a mass of 0.69 Kg and the DTA heat 
pipes have a mass of 0.78 Kg. 

3.2 Design Optimization 

Examination of Tables 3.2, 3.3 and 3.4 reveals that a reduction in 
diameter of the rubidium heat pipes would soon result in the heat pipe 
going sonic. However, the DTA pipes are capillary limited, thus a reduc- 
tion in O.D. is possible. Accordingly, a higher pressure fluid, mercury, 
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TABLE ^.4 


OPTIMIZED HEAT PIPE MASS L PERFOKMANCE FOR THIN WALLED BASELINE DES/GN 


Evaporator - 43 cm 
Adiabatic - 43 cm 

Condenser - 176 cm 
S = Sonic Limit 
C = Capillary Limit 


Req. 

Temperature Power 


Fluid: Rb 
O.D. : 2.54 cm 
# Grooves : 25 


Vessel : 
Wal 1 : 


304 SS 
0.0254 CB 


Groove Width: 0.275 

ca 


At @ Req. I Power 
Power 


°K 

o 

C 

Watts 

707 

434 

720 

700 

427 

6 92 

675 

402 

598 

650 

377 

514 

625 

352 

440 

600 

327 

373 

575 

302 

315 

550 

277 

264 

525 

252 

219 

500 

Bi 

180 

492 

219 

169 


Fluid: DTa Vessel: 204 S 
O.D. : 2.54 oa Wall: 0.0254 c 
# Groove: 25 Groove Width: 0.27 


0R!GINAL PAGE IS 
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OF POOR QUALITY 

was used in small diameter pipes in place of rubidium. These results are 
seen in Table 3.b. 

The mercury heat pipes are 0.635 cm (.250") in diameter with a wall 
to diameter ratio of 0.01. The mass of the mercury heat pipes are 0.45 Kg 
and have a hoop stress of 625 psi at 707*^K. 

The DTA heat pipes are 0.9525 cm (.37") in diameter with a wall to 
diameter ratio of 0.01. They have 12 ({rooves 0.275 cm wide by a depth that 
varies from 0.075 cm down to 0.05 cm. Accordingly, their mass varies from 
0.31 Kg down to 0.27 Kg. The DTA heat pipes at 625^K will have a hoop 
stress of 1600 psi. 

The mercury heat pipes of Table 3.5 have eight grooves 0.2 cm wide 
by 0.02 cm deep. Optimizing the numbor of 0.275 cm wide by .02 om deep 
grooves for different power levels results in a reduction in mass. At 
707°K, a five-groove heat pipe has a mass of 0.29 Kg. At 675*^K. four 
grooves have a mass of 0.38 Kg and at S50°K, three grooves have a mass of 
0.27 Kg. These results are seen in Table 3.6. Also shown in Table 3.6 is 
the thermal performance of two of the mercury heat pipes with 86 cm evapor- 
ators. which shows an increase in maximum power capability and a reduction 
in total AT. 

Both the OTA heat pipes .. f Table 3.5 and the mercury heat pipes of 
Table 3.6 have a performance AT. Accordingly, one asks what does a AT 
in the heat pipe mean in increased mass (length of condenser) to be able 
to radiate the required power? Appendix 2 develops Equation 3.2 which is 
the increase in mass of heat pipe due to its AT. 



Equation 3.2 
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AinvnC) MOOd io 
S3 


TABLE 3.5 



OPTIMIZED HEAT PIPE MASS £. PERFORMANCE - ALTERNATE DESIGN 


1 

Evaporator - 43 cm 
Adiabatic - 43 cm 

Condenser - 1V6 cm 
S = Sonic Limit 
C = Capillary LimH 

Fluid: Hg Vessel: 304 SS 

O.D. : 0..29r52cm Wall: .01 cm 

# Grooves: 8 Groove Width: 0.200 

cm 



Fluid: DTA Vessel: 304 SS 

O.D.: 1.27cm Wall: 0.0127 cm 

# Groove: 12 Groove Width:0.275 

cm 

Req. 

Temperature Power 

At $ Req. 
Power 

. .. 

Power 

Limit 

Mass 

Groove 

Depth 

At # Req. 

Power 

Power 

Liait 

Mass 



o 

C 

Watts 

- - 

Watts 

Kg 

Cm 


Watts 

Kg 

B 

707 

434 

720 

2.69 

930-S 

0.45 

0.02 





700 

427 

692 









675 

402 

598 








650 

377 

514 









625 

352 

440 

1.98 ; 

900-C 

0.45 

0.02 

15.04 

515-C 

0.31 

0.075 

600 

327 

373 




10.73 

420-C 

0.29 

0.065 

575 

302 





8.38 

370-C 

0.29 

0.06 

550 

277 

264 

2.08 805-C 

0.45 

0.02 

6.49 

305-C 

j 


525 

252 

219 




4.98 

i 1 

240-C ! 0.27 1 

1 

— 

0.05 

500 

227 

180 








492 

219 

169 




4.05 

215-C 

0.27 i 0.05 j 





































































TABLE 6 


OPTIMIZED HEAT PIPE MASS L PERFORMANCE - ALTERNATE DESIGN 


Evaporator - 43 cm 


Fluid: Hg 

0*D. : 0.635 cm 


Vessel : 
Wall : 


304 SS 
0.00635 cm 


Fluid: 


Hg Vessel 


304 SS 


0.D.:0.635 cm Mall: 0.00635 cm 


Groove Width: 0.2 cm 


# Groov"^; 


Groove Width: 0.2 

cm 


Evaporator : 66 cm 

Condenser: 176 cm 





































































where dm > increase in mass 

m « initial mass of heat pipe 

1 s length of heat pipe condenser 
c 

1^ * total length of heat pipes 
s desired operating temperature 
T = actual operating temperature 
Tq-T = at down heat pipe 

From Table 3.5 and 3.6, using the lowest mass heat pipes, the 
increase in mass was calculated using Equation 3.2 and is tubulated 
in Table 3.7. Therefore, to a first approximation, oue can say that 
the heat pipes for the CBC radiator will have a mass of 0.3 Kg each. 

The performance of the mercury heat pipes is based on perfect wet- 
ting, that is, the wetting angle is zero (0). For long term stability, 
this may not be the case. Wetting angles from 0-60 degrees have been 
observed, with 30-60 degree angles, the most common. Since the capillary 
force is a function of the cosine of the wetting angle, the mercury heat 
pipes may have a reduction of capillary force of up to 50% (cos 60 = . 5 ). 
This reduction in performance will then require a reoptimization of the 
heat pipes with a small increase in mass. 


TABLE 3.7 


INCREASE IN MASS DUE TO PE 


TEMPERATURE 

POWER 

FLUID 

MASS 

(°K) 

(w) 


(Kg) 





707 

720 

Hg 

0.291 

700 

692 



675 

598 

Hg 

0.280 

650 

514 



625 

440 

Hg 

0.273 

600 

373 



575 

315 

Hg 

0.273 

550 

264 

DTA 

0.280 

525 

219 

DTA 

0.273 

500 

180 




492 


159 


DTA 


0.273 


AT 


AT 

dN 

MEN NASS 

(°C) 

(Kg) 

(Kg) 

4.13 

4.6 X 10“^ 

0.296 

3.63 

4.6 X 10“^ 

0.284 

3.30 

3.9 X lO”^ 

0.277 

5.81 

7.5 X lO"^ 

0.280 

6.49 

1 X lO”^ 

0.290 

4.98 

7.1 X lO"^ 

0.280 

4.05 

6.2 X lO"^ 

0.279 





















3.3 Advanced H«at Pipe Concept 


ORIGINAL RAQC It 
OF POOR QUALITY 


The groove heat pipe designs of Sections 3.1 and 3.2 optimized to an 
approximate mass of 0.3 Kg per heat pipe, exclusive of fins and armor. 

This mass is qcite low and may be acceptable in the overall system. How- 
ever, there arc several heat pipe design concepts which may offer further 
reduced mass with increased performance. These include but are not limited 
to arterial wick heat pipes and configuration pumped heat pipes. 


3.3.1. Ari:ery/Wick Heat Pipes 

There is a natural division in heat pipe fluids which takes place at 
approximately 600°K. Above 600^K, the liquid metals are useful working 
fluids. Below 600°K, one generally deals with n<n-metallic fluids and 
devises structures which compensate for their inferior physical properties. 
The low temperature fluids, taken as a class, have relatively low latent 
heats of vaporization, low surface tension, and low thermal conductivity. 
The consequences are that for a given heat transfer rate, heat pipes using 
these fluids must move relatively large quantities of liquid with unusually 
low pressure losses, yet must maintain very thin liquid films in the heat 
flow path. The arterial wick structures of Figure 3.2 have been used to 
offset these property limitations. The artery provides the primary liquid 
return to the evaporator. This passage has a large hydraulic radius and 
provides a very low drag path. In the evaporator and condenser, a thin 
film of liquid is distributed circumferentially. The distribution wick is 
often a thin layer of screen or circumferential grooves. 

The artery is removed from the evaporator and condenser heat flow 
paths. The thin films provided by the circumferential wick prevent the 
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dev<»lopBent of excessive tempersture gradients. Arterial wicks provide 
very high performance, sometimes even approaching that obtainable with 
liquid metals in au>re conventional wicks. Lengths in excifss of ten meters 
have been reported. The primary limitations of arterial wicks lie in 
their difficulty of fabrication and their consequent lack of reproducible 
performance. The wick structures are quite lifficult to form and to insert 
into the heat pipe vessel so as to maintain uniform close fit to the wall. 
There has been repeated difficulty with the priming of arteries, that is, 
the ability to fill an artery with fluid and keep it filled. 

Two methods of priming are in use. Capili.\ry priming, as the name 
implies, depends on capillary forces to maintain the fluid within the 
artery. Vhe basic condition f >r caoillary priming is that the largest 
single pore at the artery surface in the evaporator must provide sufficient 
capillary pressure to offset all counter forces including accelerations. 
Consequently, the evaoorator ends of the arteries must be closed and there 
must be no single inadvertently large pore on the entire periphery of the 
enclosing surface. Due to ti.a adverse effect of accelerations, capillary 
primed arteries can be more fractious during ground testing than in sub- 
sequent zero g operation. Yet ground testing is eri"»ential to establish 
the operability of the heat pipe. 

If the artery is so located in the heat pipe temperature gradient that 
it always is the coldest spot , it will operate at a lower vapor pressure than 
the balance of the heat pipe. If the magnitude of the vapor pressure dif- 
ference is sufficient, it will cause priming to take place. This is known 
as vapor pressure or Clapeyron priming. The process is highly temperature 
dependent. The pressure difference caused by a given temperature difference 
varies enormously with temperature. Thus, a heat pipe which primes reliably 


16 


1 


and quickly at high tcBporature (i.e. high preaaure) say fail to priae at 
all at low teaperature> It han also been reported that vibration has 
caused arteries to 1 e their priae and that subsequent re-priaing can 
be unreliable. 

In spite of their apparent dra lacks, the performance of arterial heat 
pipes is sufficiently high to justify further work to iaprove their relia- 
bility and reproducibility. In general, arterial wicks require less total 
mass of wicking aaterial, and may also require less fluid inventory than 
conventional heat pipes. They are, therefore, serious candidates for use 
in space radiator^ 

3.3.2. Wickless (Configuration Pumped) Heat Pipes 

A crevice has capillary properties. Therefore, if the wall of a non- 
round heat pipe is formed so as to produce longitudinal crevices, these may 
serve the purpose of wicks. That is, the configuration of the wall provides 
the capillary pumping force. Several potential configuration pumped heat 
pipe geometries are shown in Figure 3.3. Configuration pumped heat pipes 
have been tuilt (Figure 3.4) and have been shown to operate. However, there 
has been very little work in the field, and the mathematical prediction of 
performance is incomplete. 

The driving pressure difference which causes liquid flow in a heat 
pipe is determined by the surface tension and the difference in the radius 
of the liquid meniscus in the condenser and evaporator. Evaporation in the 
heat input section tends to depress the liquid level while condensation at 
the heat output end tends to increase the level. Thus, during operation, 
the liquid level in the evaporator of a configuration pumped heat pipe 
recedes into the crevice, increasing the pumping pressure but decreasing 
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VAPOR WALL, 



VAPOR WALL 




Figure 3 '. 3 Configuration Pumpod Qeomotries 
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Photograph of a Configuration Pumped Heat Pipe 
(Courtesy of U.S. Air Force) 


FIGURE 3.4 



the flow area. The inverse occurs in the condenser. This makes for a 


delicate tradeoff of liquid fill versus power handling capability. The 
problem is somewhat alleviated in the coufiguration/artery geometry of 
Figures 3.3d and 3.3f. 

Configuration pumped heat pipes tend by their nature to have relatively 
low capillary pumping forces and low liquid drag. They therefore lend them- 
selves well to consideration as elements in low temperature space radiators 
where large radiating areas require long heat pipes. The liquid inventory 
requirement of configuration pumped heat pipes appears to be comparable to 
that of the arterial structures discussed previously. The complete absence 
of conventional wicks is a substantial mass reduction. However, the non- 
round shapes are relatively poor pressure vessels so that the gain in mr' ■. 
due to elimination of the wick may be at least partially offset by a thicker 
wall requirement unless fluid vapor pressures are kept relatively low. Thus 
the operating temperature range for a configuration pumped heat pipe of low 
mass may be narrower than that for other geometries. 

The ability of configuration pumped heat pipes to hold their shape is 

2 

a function of the creep strength of the heat pipe envelope. Thermacore 

previously identified the iron alloy, A-286, which exhibits an exceptionally 

high creep strength, and may well serve as a containment for configuration 

o 5 

pumped heat pipes. (A-286 has a 0.1% creep at 1100 F in 10 hours under a 
38,000 psi stress load). 

3.3.3. Hybrid Wick/Pumped Heat Pipes 

Since the dissipating capacity of a space radiator declines as the 
fourth power of any temperature loss, there is a strong incentive to minimize 
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losses. One of the principal advantages of the heat pipe is the low 
temperature loss it incurs while moving large amounts of heat. This low 
4T operation is characteristic of vapor heat transfer. There therefore, 

be reason to make use of vapor heat transfer even at power ]»vels which 
cannot be sustained by capillary pumping alcne. Alternative or hybrid pump- 
ing means are possible and deserve coiisideration. This may be true not only 
for the radiators themselves, but also for the primary loops feeding them. 

A practical hybrid system may use an alternative puming means for liquid 
transport over appreciable distances with capillary pumping for local distri- 
bution and collection. 

The heat transfer capability of a conventional heat pipe can be limited 
by entrainment of liquid from the walls by the high velocity, counterflowing 
vapor. Separation of the liquid and vapor passages will permit greater heat 
flow under these conditions. Figure 3.5 is a hybrid sy.Ttem where the liquid 
and vapor flow are in the same direction. Therefore, the vapor shear forces 
may aid rather than inhibit liquid flow. 

Hybrid heat pipes are directly analagous to two-pipe steam heating 
systems for buildings which use condensate pumps for liquid return. The 
principle has been extended to liquid metals by Philips Laboratories for 
use in Stirling engines. 

The main disadvanges of the hybrid system are the increased probability 
of a leak at pump seals and joints and the dependence of operation on an 
external power source. For maximum redundancy, there should be a pump for 
each heat pipe, a serious penalty in complexity for a space radiator, making 
the approach seem more applicable to primary loops. 

It may be possible to make use of the "heat of the raidator" to pump 
the liquid, much the same wa/ that a capillary pump makes use of the "heat 
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of the radiator." 


Thermacore has recently begun the exploration of a "liquid piston pump" 
as part of its internal R£0 effort. This pump uses a localized high heat 
flux, into the fluid, to develop a vapor bubble of sufficient pressure to 
push the liquid forward. Backward flow is prevented by the use of a check 
valve. A forward spring loaded valve allows the pressure at which the pump 
activates to be regulated. 

Initial work to date has concentrated on gravity feed liquid systems 
with encouraging results. The extension of this concept to two phase sys- 
tems with freedom from gravity will pose challenging work but may be worth 
a cursory investigation. 

3.3.4. Other Concepts 

There are numerous concepts which have been suggested as possible fluid 
pumping mechanisms for heat pipes and includes electro-magnetic, electrolytic, 
electrohydrodynamic and electrophoretic pumping. All of these are not suited 
for individual spacecraft radiator heat pipes. However, osmotic pumped heat 
pipes and artificial gravity are two possible mechanisms which are suited 
for spacecraft use. 

If a spinning spacecraft can be so arranged that its centrifugal force 
will aid liquid return in heat pipes, it may be possible to eliminate pump- 
ing and depend entirely or predominantly on artificial gravity for this 
function. The result may be mass reduction (by wick elimination and, 
possibly, reduced fluid inventory) and an added degree of freedom in fluid 
selection (fluid need not have high surface tension). 

Osmotic pressures can exceed capillary pressures by a factor of 100 to 
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1,000. An osmotically pumped heat pipe is feasible in principle. Several 
designs have been proposed, but no hardware tests have been reported. The 
proposed designs all make use of gravity in one way or another: to keep 

liquid in place, to redistribute salt by natural convection, etc. It may 
be possible to devise a geometry which will function in gravity-free space. 

If so, osmotic heat pipes may avoid entirely the capillary limitations on 
available pumping pressure. 

Flow rates through semi-pet cable membranes are low; i.e., large areas 
are required to permit useful heat flow. There is, however, an interesting 
factor which may favor further consideration for low temperature space 
radiators. These radiators also require large areas because of the low 
radiant power densities. The osmotic process is such that the membrane 
must be located at the condenser (heat dissipating) end of the system, which 
is the radiating surface of a radiator. At temperatures below about 900°K, 
the power density from a black body radiator is less than the power density 
sustainable by flow of the best fluids (e.g. water) through membranes. That 
is, below this temperature the unit liquid flow rate through a membrane is 
more tham sufficient to support the unit radiant heat load from a radiator 
of equal area, and a basic condition of successful operation has been satis- 
fied. 

The geometries considered to date are relatively massive, having tww 
walls and a large liquid inventory. Membranes do not exist for operation 
above about 400^K. However, since an osmotic heat pipe would need no auxil- 
iary power (comparable to a capillary heat pipe), it deserves further 
consideration. 
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APPENDIX 1 


This appendix has complete perfonaanoe printouts of all the heat pipes 
tabulated in Section 3.1 and 3.2. The heat pipe program used is Thermacure's 
GROOVE27. Figure A.l depicts the placement and definitions of many of the 
symbols in the printout. 



DPVE = Pressure drop in vapor in evaporator 

DPLEG = Pressure drop in liquid in evaporator grooves 

DPUA = Pressure drop in vapor in adiabatic 

DPLAG = Pressure drop in liquid in adiabatic grooves 

DPVC = Pressure drop in vapor in condenser - (+) means drop, (-) means 

recovery or increase 

DPLGG = Pressure drop in liquid in condenser grooves 
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APPFNDIX 2 


This appendix develops Equation 3.2 which shows how the mass of a 
radiator heat pipe increases with the performance T of the heat pipe. 

= desired heat pipe temperature 
AT = temperature drop down heat pipe 
T = T^ - AT, actual heat pipe radiating temperature 
= radiating area of heat pipe at T^ 

A = A^ + da, actual heat pipe radiator area required at T 
Q = power to be radiated from heat pipe 

da _ increase in surface area 
dt “ decrease in temperature 


da A Aq 
dt "" T,j- T 


Eq. A.l 


but 


eo(T -T)4 
o 


and 


"" eoT 4 


therefore, with subt't itut um int<> Equatif)n A.l and proper rearranging, 




E) q « A a I 


Now, since area is a function of length, we have 


dl = 1 [ (T /T) - ll 

c o 


£q. A.3 


dl dm 


where 1 = condenser lenth, but -p- ^ — wliere 1 ^ total heat pipe length, 
c 1 1 m 1 ^ 

m = mass, we obtain with sab.s t i tut i on and rearrangement - 


d„ , ^Tl-* - I 

M 


£q. A.4 


: 1 


which is Equat ion 3 . J . 


REFERENCES 


2. Garrett AiResearch, Study of a Space Nuclear Power System for 
a Nuclear Electric Spacecraft; JPL Contract 995008. 


3. Thermacore, Inc., Letter Progress Report #3, October, 1978, 
Heat Pipe Heat Rejection System and Demonstration Model for 
the Nuclear Electric Propulsion (NEP) Spacecraft; JPL Contract 
955100. 


Ml CMfiltlOlti 


SiM r*M. 


4/ 0/70 


nolo • lOBiDioii mi tutiiOOisi 

KfAl tlMF • 434 filOl OSLTA-T • 00 S» C 

OUT AM • 0.00 «tO AM • O.CO DM 


SfAF UMTI 10.9291 U 40.0000 CN 

ADI lAMtl 10.9201 IM 43.0000 CN 

COID lIMtM M.'*il3 U 170.0000 CN 

total UMTI 103.1000 II 202.0000 CN 


ORIGINAL PAGE IS 
OF POOR QUALITY 


O.D. 1.0< 0 II 2.6400 CN 

WAU moss 0.0700 IN 0.0702 CN 

OlOOTS WIDTH 0.0797 IH 0.2000 CN 

OMOTI IIIOIT 0.0107 11 0.0600 CN 

LAID WlDTl 0.0344 11 0.0976 CN 

20 0I00TB8 (ClOlUl COTUIO WITI 200 NMI 


10 UNIT BCOOITUID AT 720 WATT! 

tOTAl DllTA-t • 2.00 DU C 

total NAM • 1.749 U 

WAIT TNIfOINAHCI DHTAILI (T 01 II ?T 


PI 

FB-i 

PA-C 

PC 

OTABS/CH? 

31291.0 

30261. X 

29964.9 

30641.5 


ft 

n-A 

TA-C 

TC 

Dm c 

432.d53 

431. )48 

430.502 

431«72 


mP T£MP 

GOAD riMP 

OALTA-T 



434 

43l.ti39 

2.56X04 



DPC- 182X4 

0 

DPC^DPa- 182X4 

DTA23/CM2 


OPTS 

DPLA9 

OPVA 

PPLA9 


1030 

X80 

305 

1X15 


OPIC 

DPIaCO 




-687 

739 




SOIIG IXMXrSt mP-» 2X9? iJ)»» 

24^7 VATTS 


Q/A' S- 

£?AP 

GOAD 

AXIU 

¥ATTS/GM2 


2 

0 

142 


£ a R£7^ 

£ A RAT# 

LU HIT# 

C A RAT# 

C R R£T# 

21 

3244 

109 

3247 

5 

aOT XLUX0 

GUAE9B 

129 

• 61 ORAAS 


ROOM TSMP. 

TOLOMl or HOT 

11UX5 CUABOX 84. 

60X9 CM3 



COU nUlD CHARS fi 161.636 SRANS 
98.0733 CMS 

HlAf P1P£. (NCSBI 4 2 IKOCAPS 1696.9 SRAMS 
DSLTA-T TAlOESt 

SVaP WAll £VAP L^a STAP NASH £TAPORAT10I 

.323331 .120eS4S-01 .603936A.02 .300293 bU C 

VAPOR. IH) UPOh Ul VAPOR (Cl 

1.3042 .040393 -1.21720 

COnOCtSATIOU coao H£SU CCHD 14J COHD »AU 

.0733^7 .147 044£-O2 .202101 £-02 .20233 0£S C 


poosa or 17?8 /ATTS CAI’SES — add sonic limit 

LAST SOS-LiMITED POWU CALCULATIOi .AS AT l?cO iATTS 

total LLLU-r - -^.l© DLL C 

— — TOTAL HASS ■ l.?43 £0 


in COIDltlOltl 41 M P«IU 3/a/T9 

noio - Buiioxm viu iun-30U3 
mr TKxr - 377 taioi onu-t > oo os 0 

our its • 0.00 «» AMO • 0.00 010 


mr loon i^oaoi 11 «s«oooo 

AOl laOTI 10^0291 U 43 .tM )00 

coao oauTi oi .3013 u i 7 «.oooo 

fOtAL IBOn 103.1000 U lOX.'OOOO 

0 * 0 . 1.0000 U 8.0400 

WiU non 0.0300 II 0.0701 

OBOOTI Wtotl O»O 707 U 0*2000 

OlOOTS MSIOIf 0*0107 IK 0^0000 

UlO Vion 0*0344 II 0.0170 

20 OMOTM ICIOIISI COTOtlS Vltl 


ON ORIGINAL PAGE 18 

ON OF POOR QUALITY 

';n 

CN 

ON 

ON 

ON 

ON 

ON 

; 200 Nin 


10 UNIT BCOOITllU AT ————— ou VATTS 

rota BXtTA-T - 0.44 on 0 

— — TOTAL NAOl • 1.740 10 


WAIT piuroiNAioi omuc IT 01 1) n 


n 

?i»A 

PA-G 

PC 

nilB/0lf2 

0605# 91 

0292410 

moto 

•000492 


TX 

TI-A 

7A«C 

fC 

m G 

^84772 

3074701 

3044007 

37O4080 


XViP rXMP 

00X1) tXKP 

02L1A»T 



377 

9704007 

0444312 



DPC« 19141 

OFOr. 0 

OPC-POPG* 19141 

i)TaS8/CM2 


SPTX 

LPL0 

OPTA 

OPLAO 


1813 

132 

817 

021 


DPVC 

OPICO 




-U13 

543 




SOQIC LtMlTSi 

XTAP" 

749 A0»« 

703 VAXrS 


J.V s» 

STA? 

COXD 

AXIAL 

VATTS/CM2 


1 

0 

101 


£ :i 2^0 

X A ?JT0 

Lio Rirr# 

C A HAT# 

C B HXr# 

Id 

2443 

03 

2430 

3 

:.0T aaiD chjub 

5 

;32. 

019 9.1AH3 


ROOM T£KP« TOLCTMS 0? HO? 11312) GHAJIfiX 18# 1741 CM3 


COLO H.OID CHAROX 181# 838 

OBAkS 




9e.07%3 

CM3 



HZLi PIPE. (MESA) 4 2 iHCCAPS ISSti.O ftBAUS 

1 

rsLTA-r values 1 






S7AP 1<JI 

H7AP Al$h 

LTAPOiUTUa 


. .'^15U04 

.7A2310S-02 

.3^9761-02 

.000536 

LHC C 

7AP0H i3) 

:i?on tA) 

YATOR 1C) 



3.01123 

2.a02S2 

•5.9802 



COaSl^ISATIOH 

cok: HAsa 

COHL L^ 

OOMS '.'AIL 


• 1*«C?!^34 

.d628UX«03 

.:7Ca892-02 

•161134 

9£G C 


?0Vi3l 07 600 HATTS CAl'SZS — — — — JU)B 30HI0 LIMIT 

LAUT JOi-LlMITia P0VS3 CALCrLAJUa (A3 AT — C06 'fATT: 

XTAL BSl'iV-r - 7.3-1 Di5 C 

rOT.a fiASS - 1.74J i;5 


Ml OOlBItlOllt 


«ii$ Ml* s/sa/rt 


flOXS - OOVniM A V4U NAtU304M 

inr tBtf • 3S8 f Afoi ttati-f • eo o» e 

auv AM • 0*00 V« AM • 0*00 MB 


BTAT IMBtl 

lf*0Ml XI 

4B.0000 ON 


page It 
quality 

AS! iMon 
COM UMtl 

lo^oaei II 
oBvaois a 

«a*oooo OH 

170;0000 ON 

ORIGINAL 

TOTAL LMOTf 

108* 1000 U 

8tt.0000 ON 

OF POOR 

0.0* 

1*0000 XI 

a*o«oo OH 



WALL TIOM 

o;o3oo n 

O.'OfTM ON 



OlOOTl tfion 

0*'0TM XI 

0.2000 OH 



OMOfl UIOIT 

o*ous n 

o;ooio OH 



LAIXI WXBII 

o;oa«r xa 

0.06M ON 




V Bloom (GtOBtOt eouus Wltl SOO M£S 1 


>0 llNXt MCOUITIUX) At «40 Uttl 

t:fAL DHTA«t - S.08 OM 0 

fOfAl NAM • t;?«A n 


WAIT ntMOINAIOI OITAXLB IT OK II tT 


n 


pah: 

FC 



• 640109if07 

.0461001*07 

• 646106B4CT 


n 

T£-i 

TApO 

tc 

m 0 

M.i7e 

348.8T76 

346.170 

34i#i76 


ITi? TM? 

COBB laO 

S&TA-T 



362 

34a«ll 

3.MM9 



DPO 3160 

mm 0 

SPC-*DPO> 3100 

m%s/uz 


optb 

BKii; 

DPTA 

OFua 


10 

233 

7 

1339 


DPVC 

BPtCG 




8 

966 




SOIIO UHlTSt 


166626 XDlbm 168977 WlTtS 



BUP 

COUD 

IZllL 

vms/CM2 


1 

0 

86 


£ H TxStif 

£ 1 PJCT# 

iiQ anv 

C 1 P.BT# 

c a an# 

b 

906 

346 

806 

1 

HOT iLuiD Cairo 

'£ 

114.087 C?^(S 


itooH TEMP. TOLONE OP 30T HOIS CSASOS 107 

.837 CM3 


CCLD 7LU1D CHiri}£ 133.301 

caiMS 




120.001 

CH3 



ii^T ?:?£. iMEsai A 2 a;3:sa 

PS 1610.42 G!UKS 


osLTi*r mu£St 





271P ilLL 

£U? LC3 

EVA? MESH 

STIPOKATIOB 


•335983 

1. 31221 

.134413 

.100096 

m G 

7A?0n 12) 

7a?0;* U) 

VA?03 (Cl 



.4882913-03 

• 4882812-03 

. 244141 L*03 



C01DE2.UTl0n 

COHO M3SH 

CO'.:!} ica 

COr.D ’JUL 


•244657 £-01 


•40UJo2 

•131658 

DIG C 

WIT’ or 530 

1 vat: 3 CAOS: 

,fj T - ■! Lf -T— 

CAPILUr;/ LlHIIi 

DPI > DPT 


liST :I0U-L1XITEB ?0'f2S CAiaLA.’ICi ’.JAS A? — JiO ’■’ArTS 


lua CMOItlOllBl 


•l«l A»N* 3/S3/90 


V 




riDii< - SMTinN A Witt iUTlaSOASI 

tut im • 219 *4901 OaT4-t • 60 SB G 

}Uf iia - 0*00 410 4M • 0.00 ob 


tUf 

LBSTI 

l«9lH291 

4Di 

LBOTI 

l6.9Z9i 

COID 

Loan 

6092913 

TOTAL LOBTI 

1039 1600 

o.o. 


I 9 OOOO 

IIU 

Tinss 

0.0300 

a toon tfiottt 

09 0767 

aaoofs 

0.0266 

U«D tflDtl 

0.0267 

27 

0900*19. 

ICIOIII) 


11 63.0000 CN 

U 43.0000 CN 
II 170.0000 CM 
U 202.0000 CN 

If 2.6400 CN 
U 0.0761 CN 
11 0.2000 CN 

U 0.0960 CN 
U 0*0629 CN 
COVUIS Vltl 200 NMl 


OfUQINAL PAGE IS 
OF POOR QUALITY 


10 llMlt B9<‘DITntS AT — — lao lAtfS 

— — — TOTAL O&TA'T • 1*73 SB C 

10IU NASI - 1.744 B 


4AIT 9JUOJUOIC1 OATAILS (T 01 II 7T 


PE 

91-A 

9A-C 

96 

0fl«/CM3 

402617 

602692 

602662 

402432 


l£ 

Tl-A 

TA*0 

TO 

OB C 

2174 616 

217.616 

a?. 612 

217.609 


EUF tINP 

COlO TIN9 

OILTA-T 



210 

217.271 

1*72806 



09C- 7261 

DIO- 0 a)PC60IO« 7261 

DIIM/0N2 


OPTI 

DPin 

DPTA 

OfLAO 


26 

161 

21 

•69 


DPTC 

DPtCO 




29 

619 




SOIIC LIMITSt 

£UP» 

16076 AD6» 

17120 WATTS 


0/A*S- 

£7AP 

COHO 

aiAL 

VATTS/CM2 


0 

0 

33 


£ R R£T# 

£ A R£T# 

LIO RH# 

C A UTf 

C R Rn« 

2 

326 

62 

326 

0 

HOT no ID CHARa£ 

112.977 ORiMS 


ROOM T£MP9 TOLOME Of HOT flOlD CIAU£ 106 

.784 CN3 


COID rtOID CaAROI 133.601 

GRANS 




126.001 

CK3 



SEAT PlFKi (HESHI • 2 BDCAPS 1610.42 0AAN8 


OELTA-T TALUESI 




£7i? MALL 

£7AP 

£TAP MACH 

ETAP02ATI01 


.226566 

.760453 

.27290? 

.100099 

DfiG C 

UrOH (£1 

7aP0R iX) 

VA?GR (01 



.32136£-0^ 

.2W2963£*0S 

.2929(90««O2 



cohdl:isa7XOH 

CC.UD MESH 

COttO LwO 

COMO HUL 


. 266657 S-01 

•666962£«0I 

. 190666 

.0550X6 

DcC C 

POWER Of 71J 

> watts C*U5EI 

5 

CAPILLAKT LIKlTt 

DPL » CPV 


UST SOl-liaZTSO POWER CALCOUTIOS WAS AT 7X0 WATTS 


TOTAL 5ELTA-T • 
TOTAL :USS 


*3.37 aa c 

X.744 KC 


lui eoloiTioiti toitr a.n* 

no 10 - ooBioioN vui. iuru>3o«ft 

BtiO TWO • ASA TAfOB DlttA-t • M OB C 

OUT ABO • 0.00 vn ABO • 0.00 DIO 

BTAO IBOTB I6.tt01 IB A3.0000 ON 

AOB LBOTI 10.0391 11 AS.OOOO CB 

COaO LflMTI 09.3913 » 170.0000 OB 

tom LiBOTI 103.1000 U 303.0000 CM 

0.0. 1.0000 II 3.0AM CM 

<AU THUSI 0.03M II 0.0703 CM 

0*0OTI WIOTI 0.1093 11 0.3700 CM 

0100*1 BBIOIT 0.0079 U 0.03M CM 

UlO VlDtl 0.0079 IM 0.03M CM 

30 OBOOfU (OlOlUl COfIBAO Will 3M MBtl 


MO UNIT nCOOITIBBO AT — 730 VATTB 

tOTAl QB.TA*T - 3.A3 OB C 

totAL NAII • 1.A9A U 


WAIT PUIOBMaCI OBTAXll IT OB II *I 


n 


FA-C 

FG 

6TVES/GIU 

312969 a 

30370.4 

30100.3 

30716*1 


n 

TI-A 

U«€ 

7C 

m 0 

432.961 

431o242 

430.762 

4319949 


IfiF TtNF 

GOiO TIMP 

OllTA-T 



434 

4ai«9P 

2.42993 



OPC- 1S31A 

0P0« 0 

DPC^OfO* 1021A 

6TII9/eN2 


OPTS 

DPLS 

5PTA 

0FU9 


926 

1190 

269 

9336 


DPfC 

DPLOO 




•615 

ABOO 




some Liairst 

23V4 AOi^ 

2631 MATTS 


d/A'S- 

2T4P 

COfiO 

AXIAL 

MATTS/CM2 


2 

0 

142 


i; a 

& A 

LIO 

C A IST# 

C 1 IK7« 

21 

3161 

92 

3163 

5 

m PLUID < 

C1UP9A 

92. 

1796 GAAMS 


BOOH TEMP. 

fOLUMX 01 HOT IlDID CHA»2 60. 

1694 CM3 


C013 fLDIO 

cumi lC^.a24 

aRAi4S 




70o3dl4 

CM3 



H£Af PlPIo 

nixsa) A 2 iXDCAPS 1375.92 3RANS 


DtLfi-r ULUlSt 




mp 

£TAP IaJ 

SfAP HASa 

XUFOPATIOM 


.620631 

.352 r, J-02 

.593373I-02 

.300293 

Dm c 

7AP0R iZ) 

*APOB (A) 

PAPOR to 



1.61914 

.479736 

-1.06667 



COHS£XSAriOS CQMQ M£Si 

QQili l<iO 

COSO WAU. 


.^pz^er 

. 1A36AA>02 

.954731-03 

•.202911 

DU C 

OP 

620 WATTS CAUS. 


CAPIUABT LIMIT. 

OPL • 3?l 


U3T powir cuouutioa mas at ————— aio aavts 

tom DiLTA-t - 2.67 5iO C 

toTAi KA3S - l.AdA U 


L-. 



101 coMfimoili 
yioiD « lOiioinM 

liU. Mm«30488 

Blip TBNP » 

3?7 

TilOt Dim* i • 

auii iio • 

0.00 

vto 

no • o.o( 

BIAP LfitOTU 

169 0291 

XB 

43.0000 CM 

ill iiiaTi 

169 9291 

XB 

43.0000 CM 

COID imiB 

69. 2916 

XB 

174.0000 CM 

Tom imta 

10691500 

U 

262.0000 CM 

OoO. 

l.OOOO 

U 

2.6400 CM 

tfUL TBDI88 

0.0300 

U 

0.0762 CM 

OIOOIB tfXBTB 

O.lOU 

XB 

O.S780 CM 

aiOOfl BBXO' 

09 0079 

U 

0.0200 CM 

UBO tfXO?!I 

09 0079 

XB 

0.0200 CM 

26 aiOOIBS (CL08BD) 

1 COmiD VITB 2( 


«i24 A.N. 3/30/79 


00 on 0 

on 


ORIGINAL PAGE 
OF POOR QUALIW 


HUl 


(f 


10 LXHXT H 

ICOUBTEEU) AT ^ 

61 

4 VAT78 



TOTAL DBLTA-t • 

6.93 DB9 




— TOTAL MASS • 

1.4M ICO 



MAIT PSBIOBMAMCX OXTAILS IT 01 X) 7T 



PB 

PB-A 

PA-C 

PC 

0T1B8/0N2 

9928979 

0490.64 

8061.89 

9003.7 


TB 

TB*A 

TA-C 

TC 

DIO C 

376.677 

368.863 

366.466 

371.446 


SUP TfilP 

COBD TIMP 

DBLTA^T 



377 

371.17 

6.82983 



OFO 19139 

SP8> 0 SPCSFO- 19139 

DTiB8/CM2 


DPVB 

DPin 

DPTA 

DPLAB 


1429 

877 

447 

6867 


DPIC 

DPLCa 




-962 

3699 




SOSIC LIMXTSi STAP- 

790 AD»- 

766 watts 


0/A* S- 

Slip 

COED 

AZXU 

VATTS/CM2 


1 

0 

101 


S R RBT^ 

£ A R£T» 

Ul ESTiF 

C A RBT# 

C R RBT9 

Ic 

2381 


2392 

3 

EOT PLOXO 

CEAEDE 

93.8783 OPaAM' 


ROOM TSMP. 

70LUMS OP HOT FLUID CBAB9E 61. 

2762 CM3 


COLD FLUID 

CBABOE 107.824 ORAMS 




70.3814 CM3 



E£AT PIPE. 

(MESS) & 2 EISCAPS 

1276.82 CRAMS 


DELTA-T VALOESt 




EVAP WALL 

L7AP L49 

L7AP MLSa 

EIAPORATIOB 


. t}lS994 

.20dl09£-02 

•360566E-02 

.300438 

DEO C 

Vl?0!». (El 

VAPOR (A) 

VAPOR (Cl 



7.01439 

2.40693 

'4.9396 



coed£i;satioe CO.ID HESH 

COHO 

COED WALL 


.122270 

•642339E-03 

.300006E-03 

i .131117 

D2C C 

?0’/£R OP 

346 lATTS CAUSES ■ 


ADR SOU 1C LIMIT 


Last .lOi. — l 

.tXITEC POWER CALCOUi'I02 WAS AT 


640 watts 


TOTAL DELTA- f « 
TOTAL Mass • 


7*13 Dx& C 
1.^4 EG 


ROM COIDItlOISi 


I2t 2 r.M. 3/28/70 


UILL MiTli»304S8 

VaFOB DiLTA*T - 50 018 C 

ufo ma • 0.00 oju 


^7 


flUIO « OOVTniRiC i 


ITAi’ TIHF » 
ORAf m m 

BUP inOTU 
AOB tISOTB 
COBD LUO T9 

Tom t.noT 8 


352 
0*00 

10*0291 XM 
10.0291 IN 
00.2913 U 
103.1500 IN 


43.0000 ON 
43.0000 CM 

170.0000 CM 

202.0000 CM 


ORIOINAL PAGE IS 
OF POOR QUALITY 


O.D. 

VAIL TEaBS 
OBOOfS VXDTB 
onoofi UBXOHT 
UNO VIDTH 
25 OROOTSO 


1.0000 U 
0.0300 IK 
0.1083 XX 
0 . 021 ? U 
0.0044 IX 


2.6400 CM 
0.C7O2 CM 
0.2760 CM 
0.0660 CM 
0.0112 CM 


(CLOSlUn COVERED Vm 200 MNSa 


NO LIMIT aCOUNtnXD AT 440 VATTN 

total OLLTA-T - 9.23 D» C 

total mass • 1.648 P 

VAST PSaXORKAiCI DETAILS it OR N) VT 


PX 

PW 

FA-C 

PC 

DtlNE/G^i2 

•5ll061fi4C7 

• 5110699PC7 

•611065X407 

.0110548407 



TS*a 

TA-C 

TO 

Di8 C 

344.691 

344.391 

344.091 

344.69 


&YAP TEMP 

COMD TXMP 

DXLTA-T 



352 

342.773 

9.227i;» 



DPC« 3294 

DPG- 0 

DPC4DPO 3294 

DTXXS/CH2 


OPTN 

DPLS 

DFVA 

DPLiO 


id 

219 

7 

1430 


DPVC 

DPLOO 




7 

aoe 




SONIC limits: 

SVA?- 

160976 AOfi- 101288 «ATtS 


0/A» S» 

XV AP 

OOND 

AZXU 

VATTS/CM2 


1 

0 

35 


K 'X 3&T^ 

B A rjBT# 

Lie RAT# 

C A RAT# 

C R RAT# 

5 

797 

291 

797 

1 

aOT nuio CHARCX 

120.206 OKANS 


aOOM TSMP. TOLl'Itl Of HOT ILUIS CHAWE UA* 

601 CM3 


COLD aUID CUAROS 141.404 

ORANS 




132.401 

CM3 



UE&r PIPE* (MESHI St 2 IXOCAPS 1406.22 0RAH3 


mTA-T TALl’ES: 





L7A? Y^L 

£^X? LtiS 

£VAP HilSa 

iiVAFO RATION 



6.13104 

.(i4046a 

• 100093 


VIPOK 

VA?*Da UJ 

riPOR ic) 



.244141£-0:5 

• 244l4li:«03 

•2441%1£*C3 



C0?iDSNSATI04'i 

oo::o Hi;SH 

C*JaD Lcil 

C:iiD MALL 


• 2*«4567 K-Ol 

. k7 

1.604CO 

.132C7(i 

DAG C 

?0/£K or 67:: 

1 fvrrr. caussg c 

LiMiTi 

j:l ► o:*v 


:.AS’' .iu:i-L:,Airi:D 


rom DZL?A-r 

— ‘'A.'!? • 




570 


XOl C0MD1T10I8I 


at 00 i»N* 9 /aO/ 7 Q 


VAIL MAn«3C48S 
f APon DaTA«T « 00 on c 
vn An • 0.00 on 


ILUID • OOVTOnUI A 


If A? TBIF « 
ORA? An • 

lUP laOTH 

AOi LWtH 

coil) unru 
TOTAL imn 


ZX9 
0^00 

X 6 . 9 Z 9 X XI 
10.9201 XI 
00.2010 U 
100.1000 11 


iO.OOOO CN 
iO.OOOO CM 

176.0000 CN 

262.0000 CN 


original F 
OF POOP ^ 


0 . 0 . 

vai Tiass 
aiOOfS VXDTU 
aioou aixoiT 
LAID VX2TB 


1*0000 U 
0*0300 XI 

o.ioao 

0.019? 


Xi 

IX 


0*0040 XI 


CN 

CN 


2*0400 
0*0? 62 
0.2700 CM 
0*0500 CN 
0.0125 CN 


25 OIOOTI3 (CL08IDI 0071115 iIlTI 200 NISH 


MO UNXr nCOUlTlUl) at - lOO VATTS 

TOTAL DILTA-t • 3*55 On C 

— tOTa NASS • 1*535 CO 


VAST FIUORMAIGi OITAXLS (T 01 Ml TT 


PE 

PS-A 

PA-C 

PC 

0niS/CN2 

367562 

367038 

367503 

387479 


rs 

TS-A 

TA-C 

to 

OH 0 

216*152 

216.140 

210.146 

216.143 


STAP T£NP 

COIL TIMP 

D&tA'T 



219 

215.446 

3.55353 



DPC- 730? 

mm 0 

OPCOfO* 7307 

0TIS8/CN2 


0P7E 

opin 

DPTA 

0PLAO 


24 

179 

20 

1200 


DPTC 

OPtCU 




29 

736 




S02IC LINXTSI 

E7AP» 

14843 ASH- 

16962 »fATTS 


0/A'S» 

SVAP 

COMO 

AllAL 

IATTS/CN2 


0 

0 

33 


I 1 R2Y^ 

1 A RI7# 

no RST# 

C A RITf 

C H Rirs 

2 

321 

36 

321 

0 

HOT n,HlC CHAKOt 

111.829 GIANS 


HOON T£KP. 70L0NK OP HOT PiniO CHAHOS 104.709 CN3 


coir nno chaksx 131.042 

GIANS 




123.5a 

CH3 



iiElT PIPS* (K£SH) A 2 UDCAPS 1402.85 CHANS 


OEITA-T mOESi 




EVA? au 

mp 

SVAP a HSU 

IVAPORATIOH 


•220554 

2.24923 

• 26834S 

•100098 

on 0 

VAPOR <£) 

VAPOR U) 

VAPOR (C) 



• 3220to4E-02 

•2029091-02 

•2929691-02 


COIDEHSATIOI 

OOHD MISfi 

coao L(9> 

COUO HAU 


•2445OTS-01 

.0569721-01 

• 550474 

.ud08O2£-Ol 

m c 

?cu:r! or ftfa i/atts oa'jsw — — 

CAPXLIA?T LINITi 

. DPI ► 5PV 

uoT :iOH -LiHirsa P'tiiia. CAicuunoa was at 



553 jfATTS 


;oTAL rau-T 

^ 11.48 223 

C 



rom .ass 

• 1.0C5 IC 




Itm CONOITIOMSI 


«l 7 P.M. 


4/ 6/70 




ruuu • ROIIDION 
SfiP TOIP • 454 

auv IMG • 0.00 

MAP imru 10.9291 

ADA LSHaTB 16.9291 

COMD Li&GTfl 09.2913 

TOm l£2GTH 103.1000 

O.D. 1.0000 

AAU TEUSS 0.0300 

GROOVE WIDTH 0.1003 

GROOTS USXGUT 0.0079 

LAMO WIDTH 0.0079 

20 GROOVES (CLOSED 


WUL »UfL-304SS 

VAPOR DELTA«T m 00 DS C 

WTG AEG - 0.00 D» 

IH 43.0000 CM 
U 43.0000 CM 
U 176.0000 CM 
11 262.0000 CM 

II 2.0400 CM 
11 0.07(12 CM 

11 0.2700 CM 

U 0.0200 CM 
11 0.0200 CM 

I COVERED WITB 200 MEfl 


ORlGtNAL PAGF 
OF POOR Q*o * 


10 LIMIT GICOUITERED AT 720 WATTS 

TOTU DELTA-T - 2.43 DK C 

TOTAL MASS - 1*484 EG 

WAIT riRrORMAlCS DETAILS (T OR 1) ?T 


PE 

PE- A 

PA-C 

PC 

DT1ES/CM2 

31296.0 

30^0.4 

30100.3 

3C710.1 


TS 

TI-* 

TA-C 

TC 

DEG C 

432.861 

431.242 

430.762 

431.849 


GVIP TSMP 

CORD TEMP 

DELTA-T 



434 

431.07 

2.42993 



o?c- lazii 

DPG« 0 

0PC4&IS* ldL14 

DIMES/ CH2 


DPVS 

.UPLEG 

DPVA 

DPLAG 


926 

1196 

269 

9336 


OPVC 

DPLGG 




-618 

4900 




SOUIC LIMirSi ITiP> 

2314 ADD- 

2631 VATTS 



EVAP 

COED 

AXIAL 

WATTS/CM2 


2 

0 

142 


i R RZT# 

£ A HET.9 

LIO RET# 

C A RET# 

C R RET# 

21 

3161 

92 

3163 

0 

UOT FLUID 

CUAROE 

92. 

1796 GRAMS 


ROOM TEMP. 

VOLUME OF EOT FLUID CHARGE 60. 

1694 CM3 


COLS nail) 

CEARGE 107.324 

GRAMS 




70.38X4 

CM3 



HEAT PIPE. 

2 KSOCAPS X375.a2 ORAHS 


0£UA-T TALUKS t 




::7AP WALL 

IVAP LciO 

MAP MERE 

EVAFORATIOE 


•323831 

• 36261 £*02 

•093373E-02 

•300293 

DGQ 0 

IFOR (11 

TAPOR (A) 

VaFOR (C) 



1.61914 

.17.7? 36 

-1.086W 



C0S3KSSATI0i COHD MKSa 

COiC L<u) 

D W ALL 


.u733e#? 

• l4334i.-02 

.304731-03 

.202311 

ini C 

powoi or 

d20 »ATTS CAUSES ————— 

CAPILLAIiT LiaiT. 

DPL » OPT 

Last aor-l 

I.KTSD ?OVER CALCUUTIO;i \r 


013 WATTS 


— iOTaL oelu-t 

• 2»37 

C 



— TOTAL HASS 

" l»‘to4 




101 COIOlfXOlSi 


lit « A.M* 


3/20/79 


n.010 - EOIIOIUN VAU HAtMOAIt 

ITAP TIM? • 977 TAfOl 0£lTA-t • 30 DB 0 

aiAT Aia • 0*00 V10 AIO ■ 0.00 DB 


Slip 

LnSTM 

169 0291 

U 

43.0000 GH 

IDB 

inaTi 

16.9291 

u 

43.0000 CM 

COIB 

LBOTB 

6092913 

u 

176.0000 CM 

tom 

LSMGTI 

10391600 

u 

262.0000 CM 

0«D* 


1.0000 

li 

2.6400 CM 

vui nuM 

0.0100 

u 

0.0264 CM 

atoofB vim 

O.lOdS 

IV 

0.2780 CM 

ilBOOTl aiiaHT 

o.ooro 

u 

0.0200 CM 

UBO VlOTi 

0.0129 

11 

0.0328 CM 


26 aiOOTIS leiOSBDI OOfKtlO VITB 200 NX8B 


ORIGINAL PAGE IS 
OF POOR QUALITY 


10 iiMit acooimis at — si4 watts 

TOTAL OILTA-T ■ 4«S6 DB C 

total mass ■ O«0O1 D 


war 78RI0RMAICB OITAILS (T OR SI ?T 


PI 

PB-A 

PA-C 

PC 

0tBlB/0M2 

10019.6 

684B.97 

8496.41 

9239.61 


T1 

TB-i 

TA-C 

TC 

0B9 G 

376.293 

370.666 

366.84 

372.611 


BVAP TEMP 

COED TSMP 

DBLTA-T 



377 

372.438 

4.66226 



DPC« 19133 

DPO* 0 DPC^DFO* 19133 

Dm8/CM2 


DPVS 

DPLBl • 

DPVA 

DPIAO 


1170 

876 

363 

6860 


DPVC 

DPLOO 




-7*6 

3697 




SOIIC LIMITS! B7A?> 

867 AD> 

870 VATT3 


a/A*s- 

£VAP 

COKD 

UlAL 

4ATTS/CM2 


1 

0 

101 


£ R a£7# 

i A Rsr# 

LIO H£T« 

C A EJSTt^ 

C R 

10 

2281 

58 

2290 

3 

HOT PLQID CiZilCS 

96.. 

66 ORAHS 


nOOM TSMP. 

TOLDME OP ROT 11010 CaAB£ 42.3863 CM3 


COI.D FLUID 

CHABC2 110.102 

shams 




71.8683 

CM3 



am n?£f 

(MSSH) d 2 HIDCaPS 680.467 aRAMS 


OELTA-T TALQESi 




£VAP aiXL 

2VAP LAC 

MESH 

STAPO RATIOS 


.201125 

.207981S-02 

.336022S-02 

.300434 

DSC C 

VAPOR it) 

VAPOR (A) 

VAPOR (C) 



6.62695 

1*32544 

-3.77051 



COHOOISATIUS COSO USSR 

COMD LuO 

COXD WALL 


.122278 

.810203£>03 

.50l't49i-03 

. 492939 E>01 

Di3C C 

?0.£R OF 

710 watts CAUSE} 


AOS SOSIC LIMIT 



LAST aOS-LIMITiD POWSi CALCUUTIOS WAS AP WATTS 

total OSI.TA-T - e.l 2 2 i 5 C 

i'CTaL MAi3 - l3.r9l .5 


cosomoMSi 


«iu r*M* 


«/ a/78 


ID - M8TIUM A 
P tSKP - 382 
V AM8 • 0.00 


«AU HATl«304aS 

1AP0I ttlU-1 - 60 DB C 

m AM • 0.00 OB 


p 4 ^ta 

16*9291 

li 

43.0000 

CN 

> LBiata 

16*9291 

u 

43.0000 

CM 

0 tmn 

69*2913 

» 

176.0000 

CM 

u imn 

103*1600 

u 

262.0000 

CM 

)« 

1*0000 

u 

2.6400 

CM 

i tmss 

0*0100 

u 

0.0264 

CM 

OTB VlDTa 

0*1063 

u 

0.2760 

CM 

on UIXOBT 

0*0217 

la 

0.0660 

CM 

D tflOTa 

0*0094 

u 

0 

• 

1 

CM 


OROOTM tCLOSUI COVIUD VlTt 200 Nlia 


ORIGIN* 

OF POOR 


I" , ' * Ifc- 


I'j 


QUP-VVI 


LIMIT OICOOITttBD AT — — — UO VAttt 

— — TOTAL OILTA-T ■ 8.72 DB C 

— — total mass - 0.777 B 


T PU108NAICS DSTAILS (T OK Ml TT 



PE-A 

PA-C 

PC 

Oms/CMB 

336741^ 

*6336729^07 

*633679407 

*6336691407 



TE-A 

TA-C 

TC 

Dm 0 

?.403 

347.402 

347.402 

347*402 


P TIMP 

COHO TO(F 

OEX.TA-T 



2 

346.276 

5.72466 



» 3206 

DPC- 0 

0PC4DFG- 3206 

DTHSS/CM2 



OPLfiC 

0P7A 

DPua 



218 

6 

1426 



DPLCO 





894 




IC LIMITSI 

S7AP- 

17062P AJ)B« 206679 HATTS 


•s« 

ETAP 

coao 

AXIAL 

VATT8/CM2 


1 

0 

36 


m# 

£ A an# 

LU ESI# 

C A BST# 

C R RET# 


764 

297 

764 

1 

FLO ID CHAIIOS 

123. 

66 CRAMS 


« T£MP. VOLOnS or dOT FLUID CBABS 116.787 CM3 


D 7LUID CaiBCS 142.992 

a HAMS 




133.868 

CM3 



'? P! (MLSH) a 2 in DC APS Q34.002 GDAMS 


TA-T VALOWl 




’ /ALL 

ETAP LuO 

SVAP A\SZ 

E7APORATIOE 



3.70969 

.611873 

•100098 

DEC C 

):i IS) 

UPOR (A) 

VAPOK (C) 



L>2au;-03 

• 244141>03 

0 



)2SJSATlO:i 

CO.O fi£SU 

co:{o Lu; 

uOHI) 4 ALa< 


k43;y?.i-01 

.149562 

. 909027 

• •t30l5lE<*01 

DEC C 


•A OF ocO 4ATTS .AU.SLS OaPILLALT LIMIT. D?L » OPT 


• SOM-LIMITSD POMiP CALCOLATIOM '4 a3 AT 


886 <ATTS 


RUi COaRITlOISi 


SI 49 i«H* 3/30/79 




FLUID • DOVTISRM A VUL NAtMOAIS 

BTAP TINP - ZX9 UlOB DSLTA-7 » 50 D» C 

OUf AMO • 0*00 Via AiO • 0*00 DU 


iTAP laora 

15.9291 U 

45.0000 CM 

ORlGINAu 

ADD LMOn 

15.9291 U 

45.0000 CM 

OF POOu 

COiD LBOTX 

59.2913 U 

175.0000 CM 

TOTU LXIOTI 

103.1500 U 

252.0000 CM 


O.D. 

1.0000 IX 

2.5400 CM 


VALL TXaSS 

0.0100 U 

0.0254 CM 


OROOU VXDTI 

0.1093 XX 

0.2750 CM 


GiOOTI EIlOiT 

0.0217 XX 

0.0550 CM 


LAMD VlDTTv 

0.0094 U 

0.0240 CM 



25 OROOTn ICLOSXD) COfltlD VITB 200 HUM 


XO LIMIT nCOOXTXRXD A? 150 VATfV 

tOTAL DXLfA-f - 2.49 DS C 

————— TOTAL MASS - 0.777 O 

WAIT PiftlORXAHCX DXTAILX (T OR X) tY 


PS 

PX«A 

PA-O 

PC 

DTXB5/CM2 

395240 

395219 

395194 

396170 


TX 

TB-A 


TC 

m C 

217.008 

217.006 

217.005 

217.001 


KTAP TSM? 

COXD TEMP 

DB.TA-T 



219 

215.514 

2.48647 



D?0 7280 

DP0« 0 

DPC^DIO- 7280 

DrJIS/CM2 


DPTS 

DPLfiO 

DPVA 

DPLiO 


20 

141 

17 

925 


DP7C 

DPica 




24 

560 




SOXXC LXMZTEt 

fiTAP* 

16600 ADD- 

18735 UTTS 


a/y s« 

SYAP 

COXD 

UXAL 

VATT8/CM2 


0 

0 

33 


K R R£T# 

X A RET# 

LXQ RET# 

C A RET# 

G R RET# 

2 

308 

35 

306 

0 

HOT fLUXD C8APGS 

121 

.123 OEANS 


ROOM 7SMP. 70LOM£ OP HOT PLUXD CHAROi: 113.411 CN3 


COLD ILUID CHABOX U2.992 

a BANS 




133.888 

CMS 



aSAT PIPXt U£SU) <K 2 MDCATS 634.002 GHAMS 


DSLTA-T VALUSSi 




A? A? WALL 

2VAP L^ 

£TAF M2Sa 

27AP0RATX0X 


.74o2ilS-0l 

l.di^78 

.299000 

•100098 

DEG C 

VAPOR (£) 

VAPOR (Ai 

VAPOR (C) 



.277712-02 

.244141>C2 

.244X41£>0Z 



CORDERSATIOH 

CORD MESH 

coao L4£ 

COMD VALL 


• 244557 S-01 

.533176B-01 

.^81132 

• 1825872-01 

Dm c 

POVSR or 713 iATTS OAUSSS 

CAPTLLART LIMIT. 

DPL ► D?V 


u:^T powir calculatiom waj at — — — - — 7io iAiTS 


QUALITY 


rOfAL DELTA-T • X0.06 DX 

total MA;»S • 0.7r? AO 


c 


Rn COIOXTIOHII 



12163 

noIO - NKRCDIT 

viu iun.-304n 


SVAP TSNP • 

434 

VAPOR OllTA-T ■ 

60 0» G 

CUV Aia » 

0*00 

VT 8 

AKO • 0.00 

DB8 

ITAP inOTI 

16*9291 

U 

.3.0000 CM 


A98 imn 

16.0291 

u 

tf.OOOO CM 


COID LZ80TI 

60.2913 

u 

170.0000 CM 


TOta LWYB 

103.1500 

IN 

202.0000 CM 


0.0. 

0.3760 

n 

0.0024 CM 


NaL T8U88 

0.0039 

u 

0.0100 CM 


OBOOn V 13 TB 

0.0737 

u 

0.2000 CM 


C BOOTS HliaBT 

0.0070 

u 

0.0800 CM 


LAID NIDTB 

Of 0602 

IN 

0.1004 CM 



r.N. 


3 /W/T 9 


ORIGINAL PAGE IS 
OF POOR QUALITY 


d axoom ictosui cofms vm 200 mssb 


10 UNIT acouitmi) at 


720 VATT 8 


fOTAA 08 lTA«f - 
TOTAL NA 88 « 


2.00 m 0 

0*440 10 


VAN? FUlfOSNAIGl DITAXL 8 (T 01 II TT 


PS 

.^iamodSH/r 

n 

43 X«d 66 

S 7 AP TKHP 

4 M 


P 8 -A 

• 380 ;^ 03 £ 40 ? 

T£»A 

431 .B 30 

COIL TSNP 
431 .311 


FA-C 

• 3 d 6601 £f 07 

TA-G 

431*32 

OaTA-T 

2.86372 


PC 

• 336 <fF £407 
TC 

431.333 


OPO 114103 0 F 0 « 0 


OPG-POFO* 114106 2 )ri£S/CN 2 


OPTS 

1547 

DP 7 C 

-382 

SONIC lINITSt 
Q/A* 3 » 


£ a R£TiP 
13 


OPL 10 

6834 

mcG 

28037 


OPTA 

1007 


OPLAO 

31200 


ETAP- 20007 24030 ^iATT:» 


StAP 

5 

E A HSTtf 
3074 


CONO 

1 

Lia RET# 
330 


aiAL 

1010 

C A EST# 
6074 


aOT iLUIO CHAPOE 231.391 ORAHS 

nOOM TBHP. VOLUME OP NOT aUIU CIlAEOS 20.3009 CM 3 

COLD naiu CBARGS 290.43 0 HAM 5 
21.444 CM 3 

E 2 AT PIPE* (MESH) di 2 SUDCAPS 153.306 CHANS 
OaTA-T VALUES I 


E 7 AP «rALL 
•234232 

VAPOR (SI 
.290327 £-01 

ccauatSATioN 

.24^5371-01 


SVAP La) 
.732296 

VAPOR <A) 

. 19287 1£-01 

COKB MSSH 
•243109 


EVAP MESH 

1.01444 

VAPOR (C) 
-. 1293965-01 

CONU IJi 
.179159 


EVAPORATION 
. 100098 


COiB WALL 
. 605314 E -01 


DT 1 K/CN 2 
m C 


VATTS/CM 2 


C a EETf# 
3 


m c 


CIO c 


POVSn or 935 ’4 aTTS causes CAPILLART LIM1T» LPL ► DPV 

LAG? :i0a-L:iUT£0 CALCVLAnOJi VAS Al 930 'UTTS 


TOTAL DLLXA-T 
TOTAL lUGS 


3.44 0 £O C 

0 .irl 9 XO 


anx eoiaiTiMai 


tOlU A«IU 3 / 3 o/ro 


nOXO » HUCOIT 
KTia tiNF • ua 
GIAV Alto • 0*00 

STAF inon I0«929i 

ADB imn 16 » 929 l 

COIB LJMTI ae»29l3 

TOTAL UMtl 103*1000 

0*P* 0*3760 

VAU Txass 0*0030 

oaoofl TXDTa 0*C7tF 

OlOOTX IBIOIT 0*00f9 

LAMP VIPTV 0*0098 

a oaoona icxpOiidi a 


VAXiL MATL« 30 a 88 

TAIOl 08 LTA*T • 00 OJA 0 

tftO AAO • 0*00 010 

U 43*0000 CM 
U 43*0000 CN 
U 170*0000 CM 
U 208*0000 CM 

U 0*9020 CM 
n 0*0100 CN 
XI (U 2000 CM 
u 0 * 0 :^ CN 
a 0*1000 CN 
ITOCD VX 18 800 NMl 


ORIGINAL PAGE IS 
OF POOR QUALITY 


10 LUif BCoaiTniD it mo vatts 

— ■ ' ■ ■ ■' ■■ fOtAt ;/II,TA-T - 1.00 SB G 

■■■■ fOTAL MASS > O»M0 10 

VAIT riifOHNMGl StTAtLI (T OR It tT 


P 8 

FIp-A 

FA*G 

K 

8 T 218 / 6 N 2 

* 1160081 ^ 

* 1107001^7 

*1106301407 

*1160012407 


TI 

TI--A 

TA«C 

TC 

m 0 

300*086 

300*437 

300*330 

300*300 


27 AF TIM 7 

COMD TIN? 

DlLfA-T 



302 

300*083 

1*97789 



DFC- 120078 

DFCN 0 

DFG 40 IO* 180078 

Dtl 28 /CN 2 


DFTt 

DFL» 

DFfA 

DFLAO 


1926 

4347 

1313 

32473 


DPTC 

DPLC 9 




-434 

17790 




some LINITSt 

HAFm 

6206 AD 9 - 

7012 MATTS 


0 /A» S« 

STA? 

COMD 

UIAL 

MATTS/CM 2 


3 

0 

617 


£ f. DBT# 

£ A R£T# 

LXQ Hn« 

C A RSTM 

C R H 2 X# 

9 

3479 

167 

3460 

2 


a 07 FLUID COA^lOa ZST^aSd ORAMS 

BOOM mp* FOLUHX OF BOT JlUXD CfiADOS ^ 0•^'^90 CM 3 

COLD 7 L 0 XD GRABOS 290*0 OBANS 
21*4404 CM 3 


aiA'P PIPS* (MESB) a 2 ttOCAPS 136*621 07 ANS 
DKLiA-T VALOBSl 


EU? -ALL EVAP IJ} 

. 13-1164 .472933 


EVAP KESa 2 FAP 0 RATI 0 U 

* 634-16 *100096 DB> C 


7 .VrOH IE) 
.ibObJd 


VirOR (A) U?OP. tu 

.102539 — 33 e 914£-01 


CCaJEIiJATlOll C02D MESH COtfID LviJ 

. 2443372-01 * 2 60C69 * 115683 


COUD WALL 

• 4503 d 6 E -01 DIO C 


PCVDa OF 005 1 *AT:S CAUSSr OAPILURT LINXTi 0 ?L » L?V 

LAor . 05 i-:*i:ii 7 EO ?c\:z2 CAicuLAnos was ai’ ^oo wim 

TOTAL LBLi’A-T - 

rOTAL .USD 


a 


3 *ti 3 toWtf C 
0 • 149 XO 


m coiDirioiSi 




1119 r*N. 

FLUID M kMUCUkT 

VAiL MATL«404SS 



SHF TSM? - 

-Trr 

TATOI OB.TA-T • 

60 OB 

e 

aiuv m • 

0.00 

UTO 

ADO ■ 0.90 

OB 


IV4P imn 

16* 9201 

IM 

43.0000 ON 



JLDM Lmtt 

16.9201 

lU 

43.0000 CM 



couD imn 

69.2019 

IM 

170.0000 CM 



TOTAL imfB 

109.1600 

U 

262.0000 CM 



O»0. 

0.9700 

a 

0.9024 CM 



tfut Tiass 

0.0099 

a 

0.0100 CM 



aiOOTI VlDtfi 

0.0?07 

li 

0.2000 CM 



GIOOTI UIGHT 0.0079 

u 

0.0200 CM 



UftO VXOTB 

0.0602 

XI 

0.1604 CM 




8 aiOOTKt IClOltS) OOflUO VITI 200 HIU 


3/27/79 


OKI0.IWAL PAGE 13 
OF POOR QUALITY 


30 LIMIT BCOinTUlO AT — 2M VATTI 

- TOTU DILtA'T - 2*09 DIO C 

total NA8I - 0.440 10 


WAIT PniORMAICI OXTAILS IT Oil) TT 


PI 

Pl-A 

PA-C 

PC 

0niS/CM2 

260510 

206701 

203720 

253630 


TS 

tl*4 

TA-C 

to 

610 C 

276.066 

276.642 

276.160 

276.16 


ITiP ?2MP 

COlO TJMP 

OSLTA*t 



277 

274.021 

2.0701 



DPO 127000 

OPO- 0 

OPC40TO- 127C00 

mis/c:i 2 


OPTS 

SPL» 

DPU 

0PUO 


2900 

2706 

1071 

20211 


DP?C 

OPliOO 




98 

11077 




SOIIC LXMITSl 

KfAP^ 

1600 ADO- 

1699 VAa7S 


a/A* s- 

£7AP 

CORD 

AIXAL 

VAr7S/CM2 


2 

0 

970 


£ A an# 

S A RET# 

LiQ an# 

c A an# 

c a an# 

6 

2496 

106 

2441 

1 


aoT nuio cbafae ZBi.ieo ajuMS 

ROOM TEMP. TOLDKS OT HOT aUIO CUASGS 20.9779 Cii3 

COLO no 10 CHARS £ 290.48 SRAMS 
21.444 CM3 

HEAT PIPE. (MESH) 2 £HOCA?S lod.396 ORXIS 


SELTA>T values I 


EVA? <IALL EYAP LEG 

.Ue-044 .300037 


iVAP MESU iVAPORATIOl 

.416003 .100098 OEG C 


VAPOR (E) VAPOR (A) 

.62392C .373779 


VAPOR (U 
.1366472-01 


COUOESSATIOH COHO HESS 
.2446S7E-01 .101731 


COMO LJi CO'iO /ALL 

.736424E-01 .2Si)171>01 DEG C 


PO/EP. Oi 310 iAITS CAUSES — — CAPILUST LIMIT. D?L » 0? V 

LAST .;o;i-Li:iirEO ROWiR c*LCuiAiioi UaS .kf — ati v.vrrs 

rCTAi LiLTA-T - 3.33 033 C 

— — — — - TOTAL <A3S ■ O.’.Ai ..S 


Ben COIDlTIOiSl 


2ldT NN« 3/rr/76 


UAU IUn«3(HSS 

lAPOB DILtA*t • 30 BJO C 

BtO OO • 0.00 0 B 


fioio • OOWTISrjl A 
BtAf tm • 332 


aiAf Aia - 

imn 
ABB laiaTa 
coiB inotB 
TOTAL LMOTM 


0*00 

I 3 * 929 i U 
10«028L U 
O0.2913 U 

losaooo U 


i3«0000 CM 
A3. 0000 CM 

170.0000 CM 

262.0000 CM 


ORIGINAL PAGE IS 
OF POOR QUALITY 


0 . 0 . 

VALL TEAldS 
0n00Y2 VIOTB 
OKOOTB FfXOMT 
UXD MIBTI 


0.6000 II 
0^0050 U 
o;ioi3 II 
0.0296 13 
0.0066 11 


1.2700 CM 
0.0127 CM 
0.2760 CM 
0.0760 CM 
0.0116 CM 


12 OlOOrU KLOilO) COTBUS VlTl 200 MIBB 


10 LIMIT ncooutmo at .■ MAtn 


tom DiLTA-t • 16.06 m n 

total MAS! • 0a306 H 

VA3T riRfOBIIABCB BITAILB iT OB II TT 


ri 

PB-A 

PA-C 

K 

xmiii/Qia 

•oraioi^o? 

.6767B61607 

•676769Bf07 

.474iraB*«fi 


TB 

TB-A 

TA-C 

to 

OH 0 

339.936 

339.931 

339.BB9 

339.0M 


BTAf TIMf 

COlD TfiiP 

OXLtA^T 



362 

336*969 

16.0609 



0?0> 3639 

DPO-i 0 J 

DPG6DfO« 3639 

0IISS/CN2 


OPT! 

0?L» 

3PTA 

OPUG 


316 

220 

166 

1330 


DPVC 

DFLOO 




m 

903 




SOBIC LIMITS! 

ETAFte 

32664 A0> 39214 'iATTS 


0/1* S» 

£U? 

COMB 

AXIAL 

VATTS/CM2 


2 

0 

367 


£ R nu 

B 1 HIT# 

LIO RET# 

C A HIT# 

C % RBT# 

5 

1636 

352 

1666 

1 

ROT FLUX]) CBA.1IB 

66.0229 GRAMS 


ROOM TSKF. TOLUHS OT 30T aOlO CHABCI 61.ai92 CMS 


COLO mTIO COJUtOR 06.3<I2a 

GRAMS 




30.6661 

CMS 



EUT riFSt (Hjisat St 3 EHDCAFS 219.7C1 GRANS 


miA-T YALOESI 




LYA? •’ill 

171? IJi 

S7AP HlSi 

IVAFOEAIlua 


.17532a 

10.402 

1.33CA1 

• louuca 

DJU C 

VAPOR 

Vi?0^ (A) 

VAPOR (C) 



..306531-02 

.21J72: >02 

-702422.U-O3 



coHr-Ea3...:cR 

co'iD .lisa 


COED CALL 


.::6^’67L-oi 

.226322 

57292 

.-.3S123S-01 

DEG C 


Of 515 7AtrJ CiaSLS C-i?IlU.tT LIMIT# DH ^ 

a:::-Lz:ii?SD row--. caLcilaHv):! ia? x: 

:rr>^ D*a:A-i « 17 .a2 c 

*•“ .OTAL *• j«wOo 


510 ’UTT: 


ai49 ?*N* 3/ST/T9 


•7 


1 


KOI OMOinOlll 


noxo - MW1IKM A 
tVAT TIN? • 327 
lUT AIB " 0.00 


«AU lUfl-SOtfS 

?A?OI SB.TA-T - 60 Ml 0 

VM AM • 0.00 MO 


ITA? AMOtl 
ASI LB»n 
coil UMTI 
TOTAL LttOTI 


A0.929A U 
10.02M U 
fl».3»t3 U 
103.1600 U 


43.0000 CM 
43.0000 CSH 

176.0000 CM 

262.0000 CM 


ORJQINAl 

OF POOR OSJAl ’Tf' 


0.0. 

VAU TUKM 
omon yioTi 
OIOOTI IllOIT 

Ulo vim 


0.6000 XX 

o;oo6o u 

0.1013 U 

o;0266 u 

oiooeo u 


1.2700 ON 

o.oiir CM 
0.2760 CM 
0.0660 CM 
0.0161 CM 


12 OMOTU tOLOiai COTOtlfi VI7S 200 MUX 


20 LIMIT ttCOMTIlD AT 373 VATTI 

— — — — TOTAL MITA«T - 10.73 DD 0 
■ total NAM - 0;i»4 XO 


VAIT fUIOINAKOI DRAILI IT 01 I) 7T 


PI 

Pl-A 

PA-C 

K 

Dmt/oin 

63320Q1IM37 

•333033^^ 

•332047X407 

•3320371407 


Tl 

TW 

U-C 

fC 

09 0 

3l««394 

31S«3M 

310#3«3 

aAi»at4 


SfiP TSXP 

cots TfilP 

DiXTA^Y 



327 

313«27 

10*7302 



iU2 

m» 0 

D?C4SP0« U12 

DmX/CX2 


Dpn 

DPLU 

DPTA 

DfXAO 


2d3 

274 

130 

1722 


DP7C 

DPLC3 




103 

1123 




SOSIC llUITSt 

£TAPte 

24380 AD^ 

29323 VA7T3 


a/A»$» 

stap 

COXD 

UXAL 

VATTS/CM2 


2 

0 

294 


i ^ n£T« 

S A HIT# 

LXO H5T# 

C A £EY# 

c 2 isr# 

4 

1372 

403 

1372 

1 


aov TIOID CBli:fl2 60.2462 OIUMS 

nOON ^IMP. TOLCNS 0? SOT 7L0I0 ClASCS 66.4103 C:i3 

COLD nOIO CXAIiaL 77.4416 SUMS 
72;&10d CMS 

aSAT PIPE. (HXSai A 2 aOCAPS 216.766 OBANS 
OaTA'T TUOESi 


£7AP Will. SVAP IX 

.131A07 7.22302 


£7«F ;{ES£ STAPOXATIQI 
1.1.5017 .100096 DU C 


7AP0R t£l 
.5371092-02 


VAPO.X <A) 

•292900 £-02 


VAPOS (C) 

• 195oX3S-02 


co*;DiiusA':‘io» coao *<2S2 zn'D 

.24-i5fj7S-01 .27 o 3 h 1 1.77623 


cons VA£L 

«372e96S-01 ItiC C 


povsn Oa 121 U1T3 CACwSS JAPIL£AHT H.UITi DPI » DPV 

;aj? cucuAAno:^ was it — — — 

12.06 yjl 0 
0.294 Ail 


:OTAL 22IT.1-T ^ 
rOVAA .US 3 • 


420 


m cosDifioisi 


2l3l rtN« 


V4U IUflii304d3 

fAyol mn«T « do on c 
tm AW • o«oo m 


3/87/7# 


nuio - mniiii a 

8?AF tui? • 308 
o?^r AW • 0*00 


HAf LW0T8 
ADI LAWtl 

C 080 itton 
torn taan 


xe«e2#i M 
lO«08gl u 
00.8013 U 
103. 1000 18 


A3«0000 CM 
43*0000 CM 
I7i*0000 CM 
868.0000 CM 


OtiiGtNAL 

POOH 


Q'^m: 


0*D* 

v.iu nass 
o:tooY8 tfion 
3 toon U1017 

USD vxBtl 


0*0000 II 

0*0000 n 

0*XOi3 11 
0*0830 II 
0*0076 U 


1*3700 OH 
0*0187 CM 
0*8f00 CM 
0*0300 CM 
0.0104 ON 


12 owotis (C 108 III cornu iin loo khi 


10 lINXt WCOQITUU At 310 VATtt 

— — — fOTAl OlLTA-t - 0*30 m C 

tOfAL KAOS - 0*800 W 

I Alt FUlORKAIOl 08TA1LS (T OB I) TT 


?x 

PE-A 

PA-C 

K 

mnw/CNS 

.228371^ 

• 282048IH)7 

*2220810407 

*2880001407 


TB 

TS-A 

TA«C 

1C 

DW c 

200*807 

890.270 

290*874 

200*271 


ITA? tiMP 

coil TIMP 

mtA-f 



308 

893*023 

0*37600 



UPC- 4034 

D?C- 0 

DPC^OPO- 4034 

sms/ CM2 


OPTI 

DPLW 

DPTA 

DPLia 


2d0 

301 

160 

1000 


DPTC 

OPLCO 




100 

1252 




30HXC IXXITSI 

ITAP» 

17710 A2^ 

20031 VAttS 


0/A* 5- 

ITAP 

C080 

UlAL 

VA1TS/CN8 


1 

0 

848 


£ K HST^ 

A B£T# 

ixa RXir# 

C A R£I# 

C R RIT4 

3 

1131 

233 

1101 

0 

30T FLCID CBAiSS 

67. 

6710 GRAMS 


HOOM f£NP. VOLUHS Or i07 PLUIO UIAWS 03. 

9990 CM3 


COLO XIUIO CHABOZ 72.0000 

0RAK3 




GO.: 3341 

CNl 



H2A7 PIPS* UXSBI A 2 QIOCAPS 814.016 GRAMB 


DKLtA«*7 7UU£St 





£7A? VAU 

S‘7A? LOG 

£7A? 

nAFOufjoi 


.130299 

5.52068 

.962:60 

.IOC 093 

OW C 

VaTOH l£) 

7A?0a <A) 

TiiPCU (C) 



•756a36£-0? 

.40d2dll>O2 

.2662U£-02 



ouxdju3a:iox 

co:n .H£sa 

C020 L^ 

uoau mi 


.2U5372-01 

.235243 

1. 35508 

.032033 

DIG C 


?OiSR or 370 iiTTS OAUSSS CAPILmT tlMlT# 0?L » 0?7 

LAST JOS-LlalTU) M)WEB CALCUUnOX US XS 370 iAXTS 


TOTAi oarA-r - 
TOT.’X :US5 


9.32 D25 C 

o.2ao 10 


m CMOltlMSl 


llU NN* J/IT/V9 


nuifi • OOWtlBN 4 
luf rnr > aiT 
oxir 410 ■ 0*00 


N4U N4T1«904II 

T4MI BaT4-f • 60 W 0 

«» 4IB • 0.00 010 


ir4T 4«0tl 

400 umn 
coio laon 

TOm UOIOTI 


16«0li} u 
4o;oiBi n 
«.aois u 

400*1600 11 


43.0000 CM 
43;0000 ON 
170.0000 ON 
Sdl.OOOO ON 


ORIGINAL PAGE 13 
OF POOR OUALITY 


0 * 0 . 

NilX tlUtS 
0IOOTI VIDtl 
0IOOT1 I1I0IT 

UNO vloa 


0*6000 U 
0.0060 11 
oaoto a 
0.0117 n 
0.0067 11 


1*1700 ON 
o.oiar ON 
0.1760 ON 
0^0660 ON 
0*0110 ON 




OMorii (otosioi cotuxd vin loo itm 


NO UNIT ■COONTIUO 47 164 V4TTS 

* T0T41. Oat4-f > 6.46 OB 0 

I0T41. Mill • 0.161 10 

V41T miosNiioi omul it on i> tt 


?l 

?£*A 

PA*0 

P6 

JT1»/C1I8 

•iMoiaifo? 

• X30589»f07 

• 130657i4C7 

• :39M6IfOT 


rs 

TX-A 

YA-C 

TC 

8!9 G 

27i«di 

271 *790 

271 •701 

871 6784 


l?Af tlNF 

C0M5 TK? 

mYA*Y 



277 

?70*0il 

a*4M77 



dTCm 5566 

o?a« 0 

OPC^OFG* 556B 

6TlSI/eN2 


DPTl 

mm 

0P7A 

opua 


269 

361 

193 

Z296 


DPTC 

DPiOG 




206 

1436 




SOUXC UMITS^ 

X7AP^ 

11018 A03- 

13778 2AY7S 


U/i* Sm 

I7AP 

co:i4> 

axAi 

iA7TS/GM2 


1 

0 

20B 


'i K HCTf 

X A U£r;7 

ixo axr# 

C A 3MT0 

c a an# 

6 

066 

194 

965 

0 

nor nuiD c*iaw2 

66« 

1162 aXAUX 


iOO:i T2MP. 70L0/i£ OP HOT IXUil) CHITOX 51. 

606 CHS 


coiD nnis caAj:a5 oeioaoi 

01414 




M.1876 

CN3 



H£A? ?IP£t 4 2 2iIDCAPS 212«637 GIUMS 


DILIi-T VALUZ3I 





27iP :ULl 

17 AP LJJ 

SVJLP HXSH 

XVAPO!UTIOi 


.111323 

16633 

*313147 

.100098 

DIO 0 

•'iPOR IS) 

TAPOR (A) 

VAPOR (C) 



.109ad3S-01 

• ?5 (33302-02 

. .’o2422£-02 



.0KDi23ATI0)I 

couo :a3H 

:OilO Lv'-C 

COHD 7411 



. loaa? 

1.02143 

• 27M£3I-0; 

Dm c 


::;in oi sio 'Jiriz c.wses c..‘’iU4riT opi, > 0P7 

rZii ?4i5 it 306 ’rfiTTS 

— Di;LU-T ■ d::;; c 


tOK COXOITZOISI 


Sll2 


ijdsl MATMS0458 

fiFOI DfiL?A-f • 60 D» C 

tfto Aia « 0.00 m 


3/27/7fl 


SO 


nUID « OOVTIiUJI A 
ITAP TSNP • 262 
OlUf AN6 « 0.00 


ifAP laaTi 

A 09 inaTH 
COIS LB»TH 
rOTAL LttOta 


16.9201 II 
I6.0291 U 
60 «C 9 i 6 Ut 

xo 3 ;iooo n 


42*0000 CM 
43*0000 CM 
176*0000 CM 
262;0000 CM 


ORIGINAL PAGE 13 
OF POOR QUALITY 


0 * 0 * 

tfALL trass 
OROOIB tfZDTM 
0 BOOTS UBXOBT 
LAID VZOtfl 


0*6000 a 

0*0060 IM 
0*1063 U 
0*019? IM 
0*009? a 


1*2700 CM 
0*0127 CM 
0*2760 CM 
0*0600 CM 
0*024? CM 


12 0200 TXS <C£08BDI COTnSD TITM 200 MISB 


MO IIMIT aCOOiraiD AT 210 VATT8 

total DILTA-T • 4*98 OS C 

tOTU MASS • 0;274 0 

VAMI PKEJPOBHABCX OBTAILS IT OM X) tT 


PX 

PX»A 

PA.-C 

PC 

0n8S/0K2 

Q37793 

837466 

837236 

636962 


ts 

TW 

tA-C 

to 

m c 

240*036 

240*017 

248*004 

247*989 


XTAP tXMP 

OOMD TXMP 

DELU-T 



262 

247*016 

4*96198 



OPG- 6311 

mm 0 

J>?0^mrn 6311 

DI128/0M2 


DPT2 

DPL0 

OPU 

DPLAO 


3C? 

413 

231 

2761 


DPTC 

5PLC8 




2B3 

1693 




SOKIC LIMITS! 

S7AP* 

7617 A0> 

8733 WATTS 


;/!• s- 

17AP 

COED 

AXIAL 

VATTS/CM2 


1 

0 

172 


X R mtf 

X A 25TP 

LIO R£T<y 

C A EXT# 

C B 

z 

806 

131 

806 

0 

ROT nuio caASS 

62.0281 CRAMS 


ROOM tXMP. rOLOMS OV ROT HDXS chaws 49. 

1836 CM3 


GOLD ILOIO CBASZ 64*0696 

GRAMS 




59*9808 

CMS 



aXAT PIPE* (H£SH) A 2 0DCAPS 209*931 


OXLTA-t TALCXSl 




XYAP WALL 

S7A? L30 

EVA? HESH 

iVAPORATIOS 


• 94..7 532-01 

3.09006 

•081114 

*100098 

00 c 

;a?of. »E) 

VAPOR (A) 

TAILOR 



.172U9E-01 

. 13ia36i-01 

• 1^189262-01 



con dehsa: lost 

cono 7Era 

GOUL UC 

coao wall 


.2445572-01 

.166508 

.757 :r* 

. 2309952—01 

DUG C 


?CVSr. OF 245 7/.TT? 0UJ323 wArlLLA^: LIMIT* DPL > LPV 

lACT :i0.i-ui;-ii:2D 'o'tin CaLv’uui'Io:; vas /.: — 


0 • 27 *k ICO 


TOTAL OiXTA- 
TOTAL !UJ3 


240 WATTS 


Bin coasiftoMSi 


2i « PtN. 3/27/79 


21 


nui2> • OOWTICUC ▲ 

/AU NA7lH304i8 

£VAP TIM? • 

a9 

TAPOB OatA-T > 

aciT m • 

0*00 

WTO 

AIO • 0*00 

IIAP ta»TB 

10*9291 

XI 

43*0000 CM 

ADI imn 

Id# 9291 

XI 

43;C000 CM 

couD ivsan 

09#2913 

u 

176*0000 CM 

TOTAL LfilOTfi 

103*1500 

II 

262*0000 GM 

0«D* 

0#5000 

XI 

1*2700 GM 

mi Tiass 

0*0060 

XI 

0*0127 CM 

a EDO VI IflDTB 

0#1063 

n 

0*2750 GM 

atOOTI IIXOBT o*om 

n 

0*0600 GM 

LAID VXDTH 

0*0097 

XI 

0*0217 CM 


50 DIG 

m 


12 OHOOVIS lOMSIDI COTZKO VXTfl 200 NUB 


ORIGINAL PAGE IS 
OF POOR QUALITY 


UO UNIT BCODITZRIS At — 100 VitTB 

— torn OBLU-T ■ 4*05 DB C 

— tOTU MASS - 0.274 U 

VANT PUI0HNAIC2 OITAIAS (T OR 1) 7T 


PS 

Pl-A 

P.i-0 

PC 

DnS8/CM2 

384484 

384095 

383751 

383286 


TE 

TI-A 

TA-C 

to 

DU G 

215*845 

215.605 

215*771 

215*724 


£TAP TBMP 

COID TIMP 

DILTA^T 



219 

214*952 

4*04829 



DPO 7317 

s 

1 

o 

DPG4*0P0« 7317 

DTI2S/CM2 


DP7S 

DPL0 

DPTA 

DPLA9 


388 

376 

334 

2606 


DPVC 

DPLOO 




465 

1536 




SOflIC LIMITSI 

SVA?» 

3713 ADB» 

4207 WATTS 


Q/A*S- 

S7AP 

COID 

UIAL 

WATTS/CM2 


0 

0 

133 


3 It HET# 

S A aST# 

Lia RJ5T? 

G A Rsr# 

c a air# 

2 

643 

76 

643 

0 

aOT flUID CHA2GS 

53* 

9219 GRAMS 


ROOM TBMP. TOLDMB OT HOT BLOIl) CHARGB 60.' 

4687 CM3 


COLD 7LUI0 caiaos 64*0596 

GRAMS 




69*9808 

CM3 



aui PIPS. IMZSH) A 2 BROCAPS 209.931 ORiMS 


DSITA-T 7AL3ESI 




SVA? '^ALL 

37AP L^ 

STAP MBSa 

8VAPORA7XOI 


•7^i524lS-^l 

2.44127 

•53893 

*100098 

DSG 0 

7A?0!{ (3) 

7AP0H (A) 

PAPOE to 



.3907123-01 

.3442283-0; 

*46a309S-01 


COiDSiSATIOH 

COND H£SH 

COMD L^G 

CORD WALL 


.24iSo73-01 

.131746 

.397397 

.018292 

D2G C 

pcvsn 0? 220 WATTS CAiJSSS 

CAPIlLAIiT LIMITi 

DPL > D?V 

ujr iiou-LiaiTED pow::?. calc 

:uiA*r:ou uij li 



216 WATTS 

— ........ 

TOTAL DLLTA-r 

- . .12 Da; 

C 


— 

rOTAL :U5S 





ROI COIDITlOlli 


0136 A.M 


VAU HATMOiSS 

TAKA DUTA'T > 30 OK C 

Vn AM ■ 0.00 OS 


3/30/70 


noic • HUCORT 
(TAP fXNr - 434 
OUT AM • 0.00 


CUP 

uaiTa 

Xd«0291 

11 

43.0000 CM 

AM 

Liaarj 

46«920t 

in 

43.0000 CM 

COlO 

LmaTH 

906 me 

II 

176.0000 CM 

TOTAL 

LncTa 

103*1500 

11 

868.0000 CM 

O.D. 


0.2500 

11 

0.6360 CM 

WALL Tanss 

0.0025 

lU 

0.0004 ON 

aaooTa 4 iota 

0.1003 

u 

0.37MO CM 

GKooii iiiaat 

O.OOfO 

lil 

O.oaoO CM 

LAIC VlCTl 

0.0355 

u 

0.0000 CM 


S 0I00TI8 (CL08UI GOTUSD VltM 300 HMI 


ORIGINAL PAGE IS 
OF POOR QUALITY 


10 LIMIT BCOOITUU) AT — — — 780 WATTS 

xoul D3LTA-T • 4.13 OB C 

-fOTAI, MASS - 0.800 SO 


WAIT PEXrOHNAICS 08TAILS IT OR I) TT 


PC 

PI-A 

PA-C 

PC 

oms/o)42 

•edieagCfOf 

• 360703CfO? 

.379024007 

•3003055407 


TS 

TC-A 

TA-C 

TC 

CCO C 

430.375 

430.712 

430.554 

430.537 


CYAP TCNP 

C09C TCKP 

CCLTA*T 



434 

429.072 

4.12042 



CPC- U4150 

CP9- 0 

OPOCPO- 114160 

CTHCS/CM2 


DPTS 

OPLU 

CPYA 

CPLAO 


0550 

7271 

7756 

56500 


DPfQ 

CPLOO 




-3B4ik 

29753 




soaic UMITSS 

E?AP- 

0444 ACC- 

10060 WATTS 


a/ A* s- 

EYAT 

:oHC 

aiAL 

YATTS/CI2 


6 

2 

3273 


S n RCTP 

s A nrr# 

Lia RCO 

C A RCTI 

C H nST4 

13 

7735 

303 

7787 

3 


UOT PLUIU CHATJi: 206.000 SPJLMi> 

r.OOM TSHP. VOLUME OP SOT PLUIO C3AICS 19.2U7 CX3 

COLO FLOrO CUAROE U5.030 OHAMS 
19.7868 CM3 

SEAT .'IPEt (MMai » 2 KCCAPS ?6.483 viRAMS 


OELU-T VUUESi 


ETA? Ull ETA? LUi 

.270610 l.lOaT't 


EVA? HESS ETAPORATIOU 

1. 96467 .100096 DOS C 


VAPOR 12) 
.103310 


VA-'O') (A) VAPOR (0 

.ur_l7 -.72Sofit--Cl 


co::DLRSArua oc;;d coho 

.2<.46S7E-01 .6d0£l9 .r.934a9 


COHO .lAU 

. 6&3C33E-01 DI3 C 


POjE? CJ 776 -fATVS CAUSES CAPILUKV LDUl’. OPL > 0/ V 

USi' ROS-LI.MirEO POVER CAlOULATIOR /AS AT — — 


■i.iC 00} c 
I'.CJO iO 


rovAi oiin-r 

TO.'U .'ASS 


?V0 '.’AV'S 


ant coiomoisi 


Ot4« i*M. 


3/30/79 


nOIO • MUCOIY WUL IUtl-304S3 

SVAP TOtP • 402 7ilOa OUTA-T ■ 60 D» 0 

OlUT ua m C.OO WTO AKO • 0.00 DIO 

ITAP IBOn 10.0291 IM 43.0000 CM 

ADI LfilOn 16;029t U 43.0000 CM 

coxo LBian 00.2913 u i7o.oooo cm 

TOTAL LOOTS 103.1300 U 202.0000 ON 

D. 0.2300 II 0.6360 OM 

.all TSOIS o;oo23 n 0.0004 cm 

OROOni WIDTB 0.1063 II 0.2760 CM 

OroOVE BSIOIT 0.0070 n 0.0200 CM 

LAMDWID-n 0;0716 U 0.1623 CM 

4 0R007IS (CLOSED) COTSIXD WITS 200 MI8I 


10 LIMIT ncOOITSUD AT — 660 WATTS 

TOTAL OSLIA-f - 3.02 DS 0 

TOTAL MASS - 0.281 10 

WAIT PIRTORMaCl DETAILS (T OS K) 7T 


PS 

Pl-i 

PA-C 


PO 

0III8/CM2 


»33d336M7 

.237896S407 

.238027if07 



TS 

n^i 

fA-C 


TC 

OK 

C 

3099 iOl 

399«153 

396.924 


399.016 



STiP TSMP 

(K)SD TIMP 

9B.TA-T 





402 

398.379 

3.82081 





DPC- 116291 

DIO- 0 

DPOOPO- 116291 

0T1S3/CM2 



OPVS 

dplb; 

DPTA 


0PU6 



9242 

7865 

8482 


806B7 



DPYC 

DFLCG 






«*3408 

31336 






SOHIC LXMITSl 

ST4P- 

6424 ADfri 

8416 VATT8 




S7AP 

COiD 


AIIAL 

VATT8/CM2 


6 

1 


1883 



S a 

S A ES7<» 

LIQ RS7# 


G A BST# 

G A 

fisr# 

11 

8P26 

397 


6729 

2 


HOT 7LDID CSARSS 


167. 

81 aSAMS 



ROOM TiMP. TOLUMI Of SOT ILOID CBAROI 

13.8499 CM3 




COLD n.UlD CSAaSS 193.818 SRAMS 
14.2886 CM3 


HEAT PIPE* IHESU) A 2 SIDCAPS 87.8609 SRAMS 
DELTA-T TALOSSt 

ZT.%? WALL EPAP LiO ETAP MESS ETAPORATIOI 

729684 .950525 1.31772 .100098 DS6 C 

7AFQR (E) VAPOR (A) 7APUH (0) 

.248291 .229004 -.917969E-01 

COaDEStSAnOM COMO y.ESB C'»fS L<9) CCaO MALL 

.2445S7E>01 .322469 .232703 .562994E-01 05B C 


ORIGINAL PAGE IS 
OF POOR QUALITY 



POVS?. or 615 MAi’TS OAOSES OAPILUli: 2 HUT. 0?L » OPT 

LAST :iCa-LIUIT2D POVSR CALCULa.ICiI MAS AI — 610 WAT?:. 

TOTAL OELTA-i’ =. 3.69 020 - 

1-OTAL L'vSS - 0.231 00 


tm OOI8ITIOUI 


9lS2 A*N. 3/30/70 




non • unonr vou un^ooui 

KfAl fW • 3 tt filOK MtA-t • 00 BB 0 

•U 7 AM • 0*00 « 1 » Alt • 0*00 Mt 


•TAP IBBTI 

10.0201 IM 

43 . 00 M 01 


AM LJMTI 

i 6 .'oaoi IM 

41.0000 ON 

ORIGINAL PAGE IS 

OOM LMtl 

60.2913 U 

170.0000 OM 

1 MAL IMBTa 

losaMo II 

MI .0000 IM 

OF POOR QUALITY 

O.B. 

0*2000 n 

0 . 83 M 01 


WtU TUUSS 

0.00U n 

0*0004 OM 


f MOTI VtOTl 

0.1083 n 

OiOftO ON 


OlOOfl IISIIT 

o;oopo n 

0;0200 OM 


LAMB VIBTI 

0*1318 11 

0 ; 33 «B OM 


3 OSOOm lOLOSlB) 007 BMI «ITI 800 Mill 



10 LIMIT BCOniTIlSD it «M fitll 


- — TOTAL taU»T • 3*30 BM 0 

— • TOTAL MAM « 0 *tn fO 

WAIT nUOIMAMCS MIAtLt IT 01 II IT 


PS 

ouasasi^ 

PMA 

.UMMBMMP 

»Ua7»Baf 

n 

•U44«Sfa7 

SfUi/0112 

fS 

360o04 

Vhk 

3M.0I3 

U -6 
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This appendix contains the parametric information concerning 
heat-pipe-cooled reactor weights and sizes for use in the NASA Brayton 
power plant studies which was supplied by LASL. Data on gas cooled 
reactors was also furnished but not included herewith since such reac- 
tors received only very cursory attention in this study. The mass 
summary in Figure B-1 indicates that 90%UC-10%ZrC fueled reactors are 
lighter but more limited in temperature than 60%U02-40IMo fueled reac- 
tors. Gas cooled reactors tend to be heavier below 1 MW^ for 
90%UC-10%ZrC and 4 MW^ for 60IU02-40%Mo. 

For heat-pipe reactors, an allowance of 100*’K was made for the 
temperature drop from the reactor heat pipes to the Brayton loop gas. 
This resulted in analyzing heat pipe reactors 100 degrees higher than 
the desired turbine inlet temperature. The turbine inlet temperatures 
AiResearch specified were 1150, 1325, 1500 and 1650®K. The accompa- 
nying tabulations provides information at various operating levels. 
It should be noted that the reactor mass includes one meter of heat 
pipes beyond the core for use in the heat exchanger but does not 
include the remainder of the heat exchanger. This mass can be 
adjusted as needed using the heat pipe mass/unit length values. 

Both 90%UC-10%ZrC and 60%U02~40%Mo fueled reactors with lifetimes 
of 10 years at full power were investigated. For the 90%UC-10%ZrC, 
excessive fuel swelling becomes a problem at 1425**K above 1 MW^. For 
lower temperatures and power levels, reactor sizes are limited by cri- 
ticality and heat transfer considerations. For the region where 
excess swelling limitations govern, the power density in the fuel must 

be reduced. A number of means were examined including changing the 

2 3 *5 

void fraction in the fuel, reducing the U enrichment, adjusting the 
heat pipe size and modifying the cladding matrix. Adjusting the void 
fraction will lead to the lowest weight core but at present it is only 


an engineering estimate as to how much void can be accepted in a given 
design. It was concluded that the uncertainties and difficulties in 
design would not warrant designing a 90IUC>10%ZrC core if the power 
level and temperature exceeded 2 MW^ and 1425*K since the weight was 
approaching that of 60IU02-40IMO at these conditions and would prob- 
ably exceeded it by 4 MW^. 

The 60IUO-40IMO reactor is criticality and heat transfer limited 
for the 1425« 1600» and 1750*K outlet temeprature cases except that 
above 2 MW^ for 17S0*K it becomes fuel-swelling limited. Based on our 
curent best information on fuel swelling, a 4 MW^ reactor operating at 
1750*K will have about 14 percent dense fuel swelling. 
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Figure B-1. Reactor Mass Summary. 
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♦ ♦♦♦♦♦♦♦PPPP TYPC *»0 OP STPPT O'-'CP ♦♦♦♦♦♦♦♦♦♦♦♦ 

90 

»CTP pO . 1500 i.'np *0.3235 up *0.6705 *0.1000 ©c *0.2331 


PPACTOP POWKP*MW 
<’twp'> hcpt pi pc TCMP»0C9 k 
fTIMC' L tPPTXMCf PPY* 

COPC L''P pptxo 
<'PPVL) pyx PL MT PLUY*KW-'Cm 2 
<DTPMPV> MpY PUCL ©CL TP T»©C9 
<MPUr^ PXPC CXTCN*XON»M 

OPTIONS P*C : l**CO©C PT ©CSX9NI 2>SPCCXPXC© ©CSX9N 

IN PNY OP POLLOMIN9 I ©COPC <M> YPCP • 'WPT P»CTP NPXPC 


< KCO*c ^ ^ 1 • 2 ''uc » uo2^» 

<KPCP' ;'l »2''»v< »co> 

(•►-HP) (l«2>3 'N©*NOtN) 
<Ki'PPOP) <1 »2''LX»NP> 
<IOPTN^ <1»2"> 

K 


COPC *uc 
PCPLCCTOP *»CO 

HCPT PI PC *Na 
UPPOP *WP 
OPTION *2 


STOP 


PCPCTIUITY CHPN9CS» ©CL TP K 

BI.IPN * 0.01233 CVP * 0.01512 sppc * 0. 02000 totpl « 0.04300 

PMCL CLCMCNT UOL UMC PPPCTXOWS 

CLPDPIN9 PUCL PC9XON HEPT PIPE HPLL-fMXCK UPPOP 

0.0500 0.7334 0.1516 0.0606 0.0310 

HCYP90NPL COPWCP COPPCCTION PPCTOP *1.0258 
fJUMFCP OP HCPT PIPES * 43.6373 

MINIMUM PPPCTICPL <OP SPCCXPIC©> NUMBCP QP HCPT PIPES * 34 


TBMPCPPTUPC SUMMPPY* ©C9PEC KCLUXN 
MPriMUM PUCL ©CL TP T » 115.3 

PM.S ©PLTP T PCCPOSS HEPT PIPE WPLL * 3.3 

pi^EPP'SC PUEL TCMPEPPTUPE =1237.5 
MPYIMUM PUCL TEMPCPPTUPB =1373.2 
suPN PPPCTION OP u235 *0.0215 


pissiow ©CNsiTv s.PissiaNS^'CMPP3’> * 4.474C+20 

PUEL SWCLL IN9» I.’OLUMC *: * 1.86 
’• " /C^«*Se 

PEPCTOP ©I MENS IONS* METE PS 

0.2381 cams ©ipmctcp 
0.2381 COPE HEI9MT 
0.4681 PEPCTOP DIPMETCP 
0.4481 PEPCTOP MEI9MT 
0.1000 PBPLECTOP THICKNESS 
1.0000 PIPE LEhi9TH OUTSIDE PEPCTOP 
1.3431 TOTPL HCPT PIPE LEN9TH 
1.4481 OUEPPLL PEPCTOP+HCPT PIPE LBN<3TH 


FUEL ELEMENT ©I MENS I DNS* MM 

24.53 WI©TH PCCPOSS HCV PLPTS 
EOUIU. PUCL CLCMCNT ©IP 
COUIU. FUEL PC9ION O. ©. 
HCPT PXPC O.©. 

UPPOP ©IPMCTCP 
UPPOP PPBP* MMPP2 


25.82 
25. 17 
10. 05 
7.73 
47.64 


PEPCTOP weX'SHTS* KILD9PPMS 


32. 0 
162. 1 

36 . 5 

33. 0 


FUEL* u235 Mpss = 73.2 

PBPLECTOP 

HEPT PIPES* WT--UNIT LENGTH 
C'.JNTPOL SYSTEM vPSSUMC CONSTPNT i 
SUPPOPT STPUCTUPE ? 7*; OP PEPCTOP 


fK.5'M> = 27.21 

• 33 K®) 

WT'' 


346.3 TOTPL PEPCTOP + HCPT PIPES 


47.83 mh>'mpp 3* PL‘.s poup in puelsppce 4.76 kw.powep pep wept pipe 
33.36 MU'MP*2* WTPIPE PVIPL HT PLUX 0.817 mw->ipp2* wtpipe ppo htplx 

pppppppppppppppppppp 


type >3n -• STOP 


ORIGINAL PAoc 
OF POOR QUALITY 


pmnvt NO. 4 5“t7~7S Tri*« n«w irour: . km^» 2 . . . ;vro»» 

^mmO.7 5 TOP* 


0. 7 ftri 
IS5H. 
S'jrSCi. 
i.ftn 

ut. n 
,soo. 
i. 00 

NOTK* 

TVPS' 

N^T»*e* 


<HCO»F> U» 

t‘l »S»3 
<1 

'XOFTN> <!• 
''PTF^m^!'> Mi*» <' FtJCL DBLTiS* T*t»K'» ►=■ 

'.■'hflP ft FI? BK'TCNFXOU* M 

OFTXQNT FFK X l“COt'€ FT PeBX^M* 2-TFCCX 


SFF'i FBFCTOF FOU«F»MU 
CTWF'i hf^t fxf* TBMF*PI?»!> k 
<TTMF1 L IFFTXMe* PFYF 
?FL01 COFB L./D FFTXO 
(TpA F :'IFL MT Fl-tJ.K » KW-'CMC' 


2 ''jc«*Jo£> COFC »»jc 

F€FC«CTO» Fiilto 
•'NF»MO*H) HCFT FXF» «MO 
* 2 'L X » MF'> i/FFO** «MF 

2) OFT X ON *2 


FMV OF 
*TOF 


XM 

120 

120 <NFXF«> 
liBTF */<n •-'CD 

0.150 0.012 0. 050 


FOLLOW XU'S « DCOF€ '.M'' VF»F 


FXKD DCFX9N 
«..>M«rT FtCTF MFXFC 


.STOF 


NO . OF 

FLFF 

O.i&OO 


W«FT FXFKF 

FFFi.'<X! DMXM 

1.500 0.050 


7 .'FF 
0 

FLD I 
t-«NF = 
DC * 
OCH = 

♦ ♦ ♦ 


8 STOFt 
03 FTOF 

f ir-C Y * 3 

O.lOi 0.200 
0.193 0.503 
0. 3.434 

♦ ♦♦♦♦♦ 


DYMXM COFPVFF CND9FF 

0. 030 0.015 0.005 

OF NFW COWJPTFNTJ XC. ••'C»0. FKF»^®»2. KTC ...STOF 


0 . 3 0 0 0.4 0 0 
0.230 0.230 
0.354 0.251 

> ♦ ♦ TVFB <50 


0.500 0.300 0.700 0.300 0.900 1.000 
0.299 0.352 0.4 
0.205 0.177 0. 1 

OF TTFFT Ql/EF 


0.535 0.943 ♦. 


3; 

59 0.145 0.134 0.123 


•30 

SSTF =0. 1500 t.'NF =0.3905 '/F “0.3095 Dx =0. 1000 xtc *0.2538 

FFF<rTX*'XTV CHFN<5ES» OELTF K 

ti.iFN a 0.01977 BXF ■ 0.01512 sffe « 0. 02000 totfl * 0.05439 

FiJFL ei BMFNT 'VaLUMF FFF<rTXONS 

<rLFT<r<TN'5 FIJSL FEffXDW HEFT FIFE WFLL+WX<rw l/FFOF 

0.0500 0.7229 0.2271 0.0903 0.1333 

HevF-^aNFL irpFNBF iroRPE<rTiaN ff<7TOF =1.0533 
N<.IMPFR OF WEFT FT FES = 30.3773 

mtmim-jn fffcticfl vDp •5Fe<riFieD> n'.impep of meft FiPES = 120 


TEMFFPFTI.IPE ?UMMFPv t t»E>5PEE KEL TM 
MFxIMUM FUEL DELTF T = 10.. 1 

FI .-.5 TELTF T F<;<rPOSS WEFT FXFE WFLL = 10.0 

Fi.'EPF<SE FUEL TFMFEPFTU»F =1293.7 
MFxTMUM FUEL TEMFEPFTUPE =1333.2 
EIUP^i FPF<-TTnM OF •.ic'35 =0. 0329 


FI 5 “ TON r<FN?ITV <F I sS I ONS •’•rM *♦ S'* = 3.335E+20 
FUEL 5WELLIN<5« l.'OLUME ^ = 2.77 

* '• "A<«i ^0 =3,vC» 


PEFi'TOP PrwFN?IDNS» METBPS 


FlJEL ELEMENT PX MENS TONS* MM 


0.2533 COPE pifmetep 22.24 

0.2533 <roPF mft*swt 23.35 

0.4333 PEF<rTOP pifmetep 

0.4333 pef<ttop hsx<5wt 

0. 1000 PEFLEirTOP THI<rKNE5S 

l.OOOO PIPE LEN<5TW OUTSIDE PEFCTOP 

1. -:313 TOTFL WCFT PIPE LBN'STW 

1 . 43r.S OMEPFLL PEFiZTOP+HEFT pipe LEN<5TW 


22.73 

11.13 

3.32 
53. 34 


WIDTH FOrPOTE HEX FLFTS 
EC'JIi-'. FiJCL ELEMENT DXF 
EE!<JI>'. FiJEL RE)?IOM O.D. 
WEFT FIFE O.D. 

•/FFOP DXFMETEP 
t/FFOP FPEFk MMFF2 


PFF<rTOP 


WEI<5HT “« K IL.O<5P>aMS 


1 04 . 9 
1 3 0 . 4 
34 . c‘ 
33. 0 


F<JEL * u235 NF5S = 39.2 

PEFLECTOP 

HEFT PIPES* NT ''.IN IT LE-X-STW ;k<3'M': = 

<rONTPOL SYSTEM <F=S'JME TQNSTFNT = 33 
SIJPPOPT STPU'^TUPE OF PEF.rTOP WT> 


47.31 

K<5) 


409.9 TO"FL PEF<rTOP + HEFT PIPES 


73.3'^ 

93.913 


F'.'<3 POUF IN 
MTPICE f^xfu 


FiJELSPF<r6 5.33 KW*PQt4EP PEP HEFT 

HT FL'J- tj.:?:"? HW->lFF2»HTPIPe PFP 


PIPE 

WTFLX 


«a 

wo. 5 5” 17-78 


ORIGINAL FAa? U 

' . ~ OF POOR CfUALITY 

TVI»« »J«W TN^UT* KM»*e . . . 


l.Onri <t»m) W^ACTO* AOWCA*MU 
I3?n. ifTWA'' MCAT TEMAdCK'? K 

3l&5rt. UIFCTIMB-tDAVS 

1 . Ctrl <?uo) roAK c/t> AATto 
in.i'* (am ■■({.'> AviAt. HT ^Lurf* kw^cmS 
sno. <'pTrMAV> MAV pn.tffL DELTA T*DEi!> K 

l.Ort ?malI> aiee evtention»m 
NOTE* OATIONS AAE * 1 “CODE AT t>CEt<1SM* 8-EAECIAIED 

TYAir IM ANY OA AOLLONIN9 S t'COAE <M> VABA <M) l/NAT 


<KCOAE ) < 1 • £ ^uc » yo£ > coac »oc 

<KABA) Cl»£^rB*»Ea> WEALECTOA *f;«0 

(.Vf-HA'i Cl *£« 3^M»*M0>U'' meat AIAB “MO 
<K«'AAOA> < 1 » £>'L X » wa’> maao* *ma 

<IOATN> <1»£* OAT ION •£ 


SCI I«N 
AEETA NAXAE 


XTOA 


maiae»16£ stoa 

16£ <NAXAE> NO. OA HEAT A I ABE 
»STA lyC MCD ALAA AKA</« EMIN Dy;mXM 

0.150 o.ooa 0.050 0.600 1.500 0.050 0.080 

TVAEX STOA* OA MBW COMETANT* XB. '/C^O. AKAV*S»£. BTC . 
*/C«0. C'06 STOA 


COP«AA 

0.015 

. . ETOA 


CND«AA 

0. 005 


ELD INDEY ® 
t/MB s 0.100 

DC * 0.196 

DCM * 0 . 


0.£00 0.300 
0.£08 0.830 
£.606 0.419 

' A ♦ ♦ ♦ 


0.400 0.5O0 0.600 0.700 0.800 
0.£60 0.£88 0.353 0.437 0.585 
0.398 0.344 0.313 0.189 0.173 

TY'AE 30 OA ETAAT O'^EA ♦ ♦ ♦ ♦ < 


0.900 
0.943 
0. 160 


1 . 000 

♦ . 

0. 150 

■ ♦ ♦ ♦ 


30 

EETA =0. 1500 VNA =0,4383 */A =0.5617 dy *0.1000 DC =0.3737 

AEACTt'/tTY CHANrtEE* DELTA K 

ruAN « 0.03533 eya * 0.01513 saae » 0.03000 total * 0.06045 

AUEL ELEMENT l/OLUME AAACTXONS 

CcADPtN'5 AUEL AE3ION HEAT AIAE HALL+WICK VAPOA 

0.0500 0.6648 0.3853 0.1141 0.1711 

HAVA3nNAL CDANEA COAAECTION AACTOA =1.0943 
HUMFAA OP HEAT PIPES » 68.6911 

MINIMUM PPACTTCAL Cda SPECTAIED) NUMTBA DA HEAT PIPES - 163 


TEMPBAATUAE SUMMAPYf DE3AEE KeLI/IN 
maximum AUEL DELTA T = 84.8 

Al^e DELTA T ACCAOSS HEAT PIPE HALL = 9.9 


A^*EAA3E FUEL TEMPEAATUPE =1388.3 
MAY I MUM FUEL TEMPBAATUAE =1349.7 
BUAN FAACTION OF u335 =0. 0433 

FISSION DENSITY <FISS IONS '■'cmaa3'> = 8.796b+30 


FUEL 


SHELLIN3* •■'OLUME 

•• ,eicolc 1*v ^.9? 

ABAC TO A D I MENS TONS'* METAAS 


FUEL ELEMENT DIMENSIONS* MM 


0.c*737 CDAE DIAMETEA 30.43 

0.3757 CDAE HEI3HT £1.44 

0.5037 PEACTOA DIAMETEA £0.89 

0.4837 AEACTOA HEI3HT .^11.45 

0. 10 00 PFFLECTDA THICKNESS ' •'8.87 

1.0000 PIPE LEN>3TM OUTSIDE AEACTOA 61.75 
1.3787 TOTAL HEAT PIPE LEM9TH 
'1.4337 OVEAALL AEACTOA+HEAT PIPE LEN.3TH 


WIDTH ACCAOSS HEY FLATS 
E0UIU. FUEL ELEMENT DIA 
EOUtU. FUEL AC'S I ON O.D. 
HEAT PIPE O.D. 

UAPOA DIAMETER 
•/APOA AREA* MMTP£ 


RFACTOA HEtSHTS* KILOAAAMS 

117.0 EUEL* u335 MASS = 99.4 

197.8 AEFLECTOP 

93.8 HEAT PIPES* HTYijnIT LEN'STM ':K'5Ym'> = 68.03 

33. 0 'rOriTAOL SYSTEM CaSSUME constant = 33 K'S') 

30.9 SUPPORT STAUCTUAE <7'y. OF PEACTOA HT') 


473.5 TOTAL ASA-rTOA + HEAT PIPES 

94.03 MHYmPP?* A'^S POHA IN PUELSPACe 6.17 KH*Pr)HCA PEP HEAT PIPE 
99.87 mwympp3* htpipb ayial ht pl'jy 0.810 mwympp3> mtpipe pad htplv 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

XVRiS' r^o r-roc* 


ORIGINAL PAGS P 
OF POOR QUALPrY 


MO. 6 5-17-7.9 tv»»« nku im^uti p»«I. kw^*2 . . . sto^ 

pm»2. 5Ta»» 


S. nno 
l£5rt. 
■3o5 . 
t . on 
in. 0 
20 n. 
l. Ofi- 

MOTFt 

TYmm 


mm^rrom 

iTtwi*'> M^^iS^T ^XI»K T«M^»D«3 K 

U r»«V» 

CO«« L-'D ••^TIO 


<KCO»«') < I > 2 'yc » uo2> comc »uc 

1:^1 «2^»c> VKO^ »«^CKCTO» «»VO 
<kh^> < m««>t »fx^« *MO 

<io»*tm‘> <l»2) o^TtON «£ 


<Tir0fHmY> MA'rf FUEL. PBU.T#* T»DE9 K 
EVTEM*tOM»M 

OP'TiaN# «<*E t 1-COtkE »*T DBEtiVMi £- J?»ECI E I Et> 
IW AMY OE E01.(.aMIN9 » »COAE <«■) YAEF<M) l/MET 

I 0 STOA 


t>EEt«N 

r»BTA MAX AS 


»TOA 


£10 <MAXAE> MO. QA HEAT AIAE* 

BETA i^C *^CJ) AUEA AKAi.^9 »MXM DKMXN COA'EAA EN&<*AA 

0.150 0.006 0.050 0.600 1.500 0.050 0.030 0.015 0.005 

TVAf: TTO'A* OA mew COMSTAMTE XE. »/C«0. AKAi.'*3»£. etc ...etoa 
••■c*. 005 STDA 
ELP IMDEX ■ 9 

t/ttm a 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

DC » 0.196 0.20-9 0.230 0 260 0.299 0.352 0.437 0.535 0.943 ♦. 

DCM = 0. 3.223 0.590 0.421 0.345 0.299 0.263 0.244 0.226 0.212 


♦ ♦►♦♦♦♦♦♦♦♦A TYAE «D OA ETAAT O'^EA ♦♦♦♦♦♦♦♦♦♦♦♦ 


•sa 

skta *0.1500 i/NA *0.5467 </F *0.4533 Dx *0. 1000 OC *0.3210 

»*)r*.“rit.'ITY CHAW-SEE* DELTA M 

■ 0.03390 EXA * 0.01512 eaae » 0. 02000 total * 0.07402 

AIJFC ELEMEMT t-*OLUME AAACTXONI 

CUADDIMtS AIJCL AESXOM HEAT AIAE WAl.L’*-UXCK l/AAOA 

0. 0500 0.5360 0.4140 0.1656 0.2434 

HKXi=M?awAU COArJffA COAAECTION AACTDA *1.2092 
MUMBiS’A OF MEAT A I AES * -94.9163 

MINIMUM APACTICAL ^DA SAECIAICD'> NUMBEA OF HEAT A I AES * 210 


TeMPAPATUAE SUMMAAY » DE*5AEE KELUIM 
MAXIMUM FUEL DELTA T = 30.9 

Al-'>3f DELTA T ACCAOSS MEAT AIAE WAl_L “ 13.1 

ai,-apa9e fuel temaeaatuae “1290. 0 
MAXIMUM FUF|_ TEMAEAATUAE *1350.5 
E-uPN FPACTIOM OF u235 *0. 0643 

FI5“iaf4 DEMSITY <F I SS XOMSXCM AA3^ = 1.351E+21 


FUEL 

»> 

AEAC 
0 . 
0 . 
0 . 
0 . 
0 . 
1 . 
1 . 


?WELLIM»3» UDLUME % * 5.29 

»• *?. s- L/W 

TOP DIMCMSIDNSii METEAS 


I 


3210 COPE DIAMETEA 
3210 COAE HEIGHT 
5510 AEACTOA DIAMETEA 
5310 AEACTOA WEIGHT • 

1 0 00 AEFI. EC TO A TMI CKMES5 
0000 FIFE UEMGTW OUTSIDE AEACTOA 
4260 total meat aiae length 
5310 oueaaul aeactoa-i-weat aiae length 


FUEL ELEMENT D t MENS IONS » MM 

21.04 t4tDTH ACCAOSS HEX FLATS 
ERUIV. FUEL ELEMENT DXA 
EOUIU. FUEL AEG ION O.D. 
HEAT AIAE O.D. 

UAAOA DIAMETEA 
MAPOA aAEAo MMT>2 


22. 09 
21.54 
14.22 
11.01 
95.24 


AEACTOA HEIGHTS* HXLOGAAM5 

152.4 FUEL* u235 mass = 129.5 

251.5 peflectoa 

193.9 HEAT A I AES » WTXUMIT LENGTH <KG-'M? = 136.00 

33.0 CONTPOL SYSTEM '-ASSUME CONSTANT * 33 KG> 
44.2 SUAAOPT STAUCTUPE <. 7 % OF PEACTOP HT> 


674.9 TOTAL PEACTOP + HEAT PIPES 

144. 39 mw/mf**:*aug aowa in fuelsaa'Ie 9.52 t-;w*AOtJEA aea mfav pipe 
100. 00 mii.-m*t2* mtaiae axial ht flux 0.353 mu '>*ta2* htpi ae pad mtflx 

♦ ♦♦♦♦♦♦♦♦♦♦♦■♦♦■••♦♦♦A 


9 


X V pi flT '5T3P' 


- - ORIGINAL PAGE 13 

^ POOR QUALITY 

pmat NO. 7 *5-1 7-78 Tv»»« ncm in»ut* kh#»£ . . . 

rrop 


4. rtiTirt 
3670. 

1. on 

1 0 . n 

c'Oll. 
1 . 00 
r»OTrt 
TY***r 
N^ri*e» 


TYP'K 


<Kcow«i ( 1 » £ 'uc » •jd£'‘ 

<KWIE*r') s t • £^'|t«« VCO) 
fKW*» > • £« 3-'NV« MO* u> 

<1 •£y'i.i>na> 

'IO»»TN) <!»£> 


COf*U »uc 

^r^cccTow »»ito 

HCAT “NO 

o»*Tir]N «£ 


<mmy ivKACTaw »»ai4VP«rni 

•TtWP*) HI»AT Ttmtt K 

<’TIMe') L irrTTMSi Dl»YS 
t’sLP') romtf u 't' Pii^Txa 
Cpi%YL> mt rLU rf » kn ■■^cm£ 

CCT^Mi^V!: :! MAY ruKL. OKLTA T* DC<? K 
<WAl 1> AIAK tXT»NFiaN«M 
OATIONf AAR t l-CODK AT DCSXaN* 

TN ANY DA AaULDWIN'Jl I X>CDA« ^M^ 

£84 »TOA 

£64 <^NAIAr> MO. DA M«AT AIAVS 
BATA lYC l/CB AL.AA AKA»/iJ BMIN DXMXM COA'SAA C-ND'BAA 

0.170 0. 007 0. 070 0.600 1.700 0.070 0.080 0.017 0.007 

! STOAt da NAW CDNSTANTS XC. VC=0. AKAV«5“£. ktc . . . btda 


£-»AKCtAlKD 0ABI9N 
^AAA tYflAT A BATA NAIAK 


, »TDA 


I,.>i3»0. 004 STDA 
SLC XNDCX = 3 

I'NA = 0. 100 0.£00 0.300 0.400 0.700 0.600 0.700 0.800 0.900 1.000 

PC = 0. 196 0.£08 0.£30 0.£60 0.£99 0. 37£ 0.437 0.787 0.943 ♦. 

t.CH « 0. 4.111 0.83£ 0.794 0.487 0.4££ 0.378 0.346 0. 3£0 0. 300 

♦♦♦♦♦♦♦♦♦♦♦A TYAE ISO DA STAAT D>ySA ♦♦♦♦♦♦♦♦♦♦♦♦ 

•«o 

»cta *0. 1700 •-’NA *0.6770 va *0.3430 ox *0. 1000 oc *0.3974 

ABACTIly'ITY CHANiSKS* DECTA K 

BI.IAN » 0. 0770 0 EX A = 0.0171£ saae = 0.0£000 totau » 0.0901£ 

AIJEL ELEMENT t'OLtjriS AAACTIDNS 

CLADPINtS FUEL AEiSXDN HEAT AXAE WALL+HtCK t»AADA 

0. 0700 0.4071 0.7449 0.£180 0.3£69 

HEYA>~ONAU CDANEA CDPAECTXDN AACTDA =1.3897 
NUMEEA DA HEAT PXAES = 101.8710 

MINX MUM PRACTICAL <DA JPECIAIEO'J N'JMBEA DA HEAT PIPES = £6-4 


TEMPERATURE SUMMARY » 15EGREE FELMXN 


MAXIMUM FUEL PELT A T = 77. £ 

At.-i3 OELTA T ACCRDSS HEAT PIPE WALL = 16.9 

At'ERAAE FUEL TEMPERATURE *1£9£.6. 

MAXIMUM FUEL TEMPERATURE =137£.7 
BijwH fraction of u?35 =0.0917 

F t S ? I ON PEN? T TY •'F T S? I DNS '' CMAA3> = 1.91 0e+£ 1 


FUEL SWELL IN.S* i/DLUME ’i = 7.64 

*' " ,ele4,le. •f.cl 

REA*“TDR PI MENS I DNS » MATERS 


0.5974 CORE PIAMETER 
0.5974 CORE HAI«5HT 
0.6£74 RS ACTOR PIAMETER 
0.6074 REACTOR HEIGHT 
0.1000 REFLECTOR THICKNESS 
l.OOOO PIPE LENGTH OUTS I PE REACTOR 
1.7004 total heat pipe length 
1.6074 Ot'FRALL REACTOR+HEAT PIPE LENGTH 


FUEL ELEMENT PIMENStONSf MM 

£3. 13 WIDTH ACCROSS HEX FLATS 
EOUIV. FUEL ELEMENT PIA 
EOUIU. FUEL REGION O.D. 
HEAT PIPE O.D. 

UAPOR DIAMETER 
UAPOR AREA* MMP^£ 


£4. £9 
£3.67 
17.93 
13.89 
171.46 


REACTOR WEIGHTS* KILOGRAMS 

£15.5 FUEL* u?37 MASS = 183. £ 


370. 0 
4 08. 0 
3 :-:. 0 
70.5 


REFLECTOR 
HEAT PIPES* 


WTXUNIT LENGTH <KG^"M> = £71,90 


CONTROL SYSTEM ^ASSUME CONSTANT = 33 KG> 
•SUPPORT STRUCTURE <7*; OP REACTOR WT> 


1076.9 TOTAL REACTOR + HEAT PIPES 


£04.17 MW -MTP5* A*.*G POHR IN FUELSPACE 17.17 KW*POWER PER HEAT PIPE 

1 00.04 ruj. mTPTPE AflRu. HT FLUX 0.873 MWXM^^g.MTPIPE RAP HTFL’X 


typf go or stop 


«a 

tM*o» »*o. 8 5-ir-73 

^•■0.2 TH»»al42?. JTCJ^ 


ORIGINAL PAGE 13 
OF POOR QUALITY 

TYt»« H«M fM^MTl t^H»«*2 . . . STO^ 


0.2 no 

142 ^. 

1.00 
1 0 . 0 
200 . 
l.OO 
r 40 TC» 
Tv^r 


AC TOP A□M€^»rnJ 
(THm) HEAT AIA» TCMA • DK 4 K 
■'TTM«> LtrETTM«» OAi'-r 

coa« l^o mmrjo 
•TPA t'c'> A -iTAL MT rcu>!’ » k’U''CM 2 


<Kco»»> < 1 • 2/ VC t vo2'> 
<Kwcr) Cl>2^»c«»vo> 
<KMA> <’1 t£i 3/ME*M0«N> 
(kvaaoa'' <1 »2/'UI»MA'5 
flO»TM^ a»2'> 


cons avc 
AvruecTOA «tca 
MEAT AIA« •HO 
VAAQA SriA 

OATXOW »£ 


T»I>K 4 > K 


DK«t«N 

r»KTA NAXAK 


#TOA 


TYPE 


•'nTEMAY') HA .' FUEL PECTA 
<MFcl> FIFE EYTENEXOMfM 

OFTTOWR AFE X 1 -CODE FT DCSX 9 N* 2 -#FECXFXE» 

IN ANY OF FOLUOMXNS » OCOEE <M> YFEF <■«> VNFT 
34 *TOF 

34 <NFXFE> NO. OF HEAT FIFE# 

EETA •.■•C VCO AL.FA FKAV«? *MXN OYMXN COF 9 AF END 4 AF 

0.150 0.004 0.050 0.600 1 . 5 O 0 0,050 0.030 0.015 0.005 

X STOF* OF NEW CONTTANTf XE. VC» 0 . FFAV<»» 2 . ETC . . . ETOF 


VC*. 012 STOF 
*LD INt'FY » 3 

I/NF = 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

DC * 0.196 O .203 0.230 O .£60 0.299 0.352 0.437 0.585 0.943 ♦. 

ocw = 0 . 0 . 0 . 192 0 . 135 0.110 0.095 0.035 0.078 0.072 0.067 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TYFE 'SO OF ETAFT O'.'EF ♦♦♦♦♦♦♦♦♦♦♦♦ 


<50 

EETA * 0 . 1500 I'NF * 0.2743 VF * 0.7257 pvr * 0 . 1000 »c * 0.2237 

FEACTT'/ITY CHAN* 3 E?» t>ELTA K 

EUAN = 0.00713 EXF * 0,01764 safe = 0.02000 total » 0.04432 
fuel element volume ffactxons 

CLAnCIN-? FUEL FE«ION HEAT FIFE WALL+WICK VAFOF 

0 . 050 0 0 . 3642 0 . 0353 0 . 0 34 5 0 . 05 1 5 

HFXA- 50 MAI. COPNEF COFFECTION FACTOF * 1,0032 
NMr«PFF OF heat fifes * 35.3550 

MINIMUM ffacttcal •^of sfecifiei*'^ numiea of heat fifes * 84 


TEMFEFATUAE SUMMAFV » OEC 5 FEE vecVIM 
MAt^IMUM FUEL I'ELTA T = 34.2 

A '/>5 DELTA T ACCPOSS HEAT FIFE WALL * 4.7 

At'EPA'Se FUEL TFMFFPATUPE = 1457,3 
MA:.'If«UM FUEL TEMFEPATUPE = 1516.2 
BuPri FPAC ’•ION OF u 235 = 0 . 0120 


FI?r 

FUEL 

1 % 

PIFiSfex- 

0 . 

n. 

0 . 


n. 

0 . 

l. 

1 . 

1 . 


TOM DENSITY 'VlSSiaM;?-"Cri^^3> a £.49c’E+c:0 

?i4euL iN*5 4i/DL»JMe = 5.27 
** z 

TOP DIMEN^IOM.?* 

C‘?57 COPP PTPMPTCP 
CQPff WSX*5MT 

P9fPi»crof9 r* t AMCT sp 

PeACTHP MPX«SMT 
PeFCeCTOP TMtCKNGTSS 
PTPC LEN*?TM OUT? IDE PEACTQP 
TOTAL. HEAT PTPE L.EN» 3 TH 
□l/ePr^tL PEACTOP+H-AT PIPE L.EM» 5 TH 


V. c. r* t' 
4537 
4337 
1 0 0 0 
0 fi 0 fi 

3237 

4337 


FUEL ELEMENT DIMENSIONS!* MM 

23.11 WIDTH A*r*ZPOSS HEX FLATS 


24 . 26 
23.65 
7.11 
5.51 
23.30 


sou IV. FUEL ELEMENT DIA 
CSMJIV. FUEL PE* 3 ION O. D. 
HEAT FIFE O. D. 

VAFOF OXAMCTEF 
VAFOF AFEA» MMFF 2 


PEACTOP WEI*5HTS* KIL0*5PAMS 

32.6 FUEL* *j235 mass = 70.2 

143.7 PEFLBrTOP 

13.1 HEAT =rFES» WT«'UNIT LEN'STH <ViS'M> = 13.60 

33. 0 CONTPOL -VSTEM <A5SUME CONSTANT = 33 
19.8 suffopt STP*.tCTUPE :73 of peactqp wt> 


302. 1 total PEACTOP + HEAT FIFES 


26.*f>4 MU'-mFF3, AV>- FOMP IN FUELSFACE 2.33 KW*FC1WEP PEP HEAT FIFE 
100.03 rtN'riFF?. HTFIFE A^'IAL HT FLU'^' 0.615 MW 'f 1*»2 » MTF I FB PAD HTFLi!' 


TVFE *30 OP STOF 


ORIGINAL PAGE IS 
POOR QUALITY 

^•or nci. 9 5-17-79 Tv^« nirw xw^yrJ i»»al. km^»c! ...sto» 

^P*»0.4 JtTD^ 


0.40n 
1425. 
3650. 
1 . 00 
10 . 0 
200 . 
1. 00 
fJOT«» 

ry^w 


mr^rrom mai*mt»tnu 
<TM^> HK^r PlPm T(KM^»t»«« 
<T|M*) L tFffTXMK* DAY« 
<FU»> CO»« t.''© ^••TIO 


MT KW-'Cri 2 


<Hcamr.') <l»2-'uc»uo£) 

K <KPK»r> <1 »2.'l!«. f (faJ* 

<1 »2»3.'rifr»na*n> 
^1 » 2''l I • ni^> 
<ia^Tr«') <l*2'> 


MAY FUKt. t>KUTA T»©C4 K 

^MAI-D AIA« KVTen*IOM»M 

OATXOM5 AAir t i-CO©K AT DrSXHM* £-TP^«CX^X«P 
IN ANY OA AOC'.aU7N<» * OCOA« ^70 VA»A J’rO l/fJAT 


coAr -uc 

ACACCCTOA ofKO 
H«AT AXA« *MO 
VA»OA «NA 

PAT X ON »2 


©CSX9N 
A»«TA rJAXAK 


.STOA 


f4AIA«»34 *TOA 


S4 ^NAXAV*) NO. OA HKAT ATACf 

SCTA UC MC© ALAA AKAV9 »MXN ©YMXN COA9AA CN©9AA 

0.150 0.012 0.050 O.6O0 1.500 0. 050 0. 030 0.015 0.005 

TYAA; STOAf OA NCM COrj*TANT» IE. VC*0. AKAt^<ll»2. ETC ...STOA 
STOA 

SL© INOEY « 3 

I/NA a 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

DC « 0.196 0.208 0.230 0.260 0.299 0.352 0.437 0.555 0.943 ♦. 

OCM a 0. 0. 0.272 0.191 0.156 0.135 0.120 0.110 0.102 0.095 

♦ ♦♦♦♦♦♦♦♦♦♦A TVAE <30 DA STAAT OVEA ♦♦♦♦♦♦♦♦♦♦♦♦ 


90 

beta *0. 1500 t^NA *0.3295 t^A *0.6705 ©v *0. 1 000 ©c *0.2381 

AEACTII/ITY CWAN.3ES* DELTA K 

BiiwM m 0.01288 EVA * 0.01764 saae * 0. 02000 total » 0.05052 

AtJAl. ELEMENT i.'aLUME AAACTIONs 

CLADDIN'J AtJEL AE'SION HEAT AIAE WALL+NICK •.'AAQA 

0.0500 0.7984 0.1516 0.0606 0.0910 

HBVA'SONAL COANEA COAAECTIOri AACTDA *1 . 0258 
NLIMTEA OA HEAT A I AES » 48.6978 

MINIMUM AAACTICAL <OA SAECXAIE©') N'JMfEA DA HEAT A I AES * 84 


TBMAEAATIJAE SUMMAA Y » ©E'SAEE KELVIN 

maximum amel delta t = 115.9 

AVA PEUTA T ACCAOSS HEAT AIAE »4ALL 
Ai.'EAA*?B FUEL TEMAEAATUAE =1472.5 
MAV'IMUM FUEL TEMAEAATUAE =1554.2 
buan faactiom of u235 ='"•. 0215 


8.8 


AISSIDN DENSITY <F I SS I DNS YcmAA3> 
FUEL SUELLIN'5* •-■•OLUME % = 6.44 

*1* ^ It 

AEACTDA DIMENSIDNS» METEAS 


= 4.474E+20 


25.82 
17 




0.2381 COAE ©lAMETEA 

0.2381 COAE HEI>3HT 

0,4681 AEACTDA DIAMETEA 

0.4481 AEACTDA HET<?HT 

0.1000 AFFLECTDA THICKNESS 
1.0000 AIAE LEN<5TH DUTSIDE AEACTDA 
1.3431 TDTAL HEAT AIAE LBN'STH 
1.4481 OVEAALL AEACTDA+HEAT AIAE LEN>?TH 


FUEL CLEMENT D I MENS! DNS > MM 

24.59 14IDTH ACCADSS HEX FLATS 
EDUIV. FUEL CLEMENT DIA 
EDUIV. FUEL RC'SIDN D. D. 
HEAT AIAE D.D. 

VAADA ©lAMCTEA 
VAADA AACA> MMAF 2 


10. 05 
7.79 
47.64 


AEACTDA l4ei'5HT?« KILO'SAAMS 

92. 0 FUEL.* U235 MASS = 


162. 1 
36.5 
33. 0 
22.7 


78.2 

AEFLECTDA 

HEAT A1AES» 14TXUM1T LENGTH '^^<5 ' M > = 27.21 

CD44TADL SYSTEM •' ASSUME CDr4STANT = 33 KE> 
SUPPDAT STPUCTUAE ''73; DF AEACTDA 14T) 


346.3 TOTAL AEACTDA + HEAT fXP~S 


47.8? mi4''maa:::» A'^A aoha in fuelsaace 

'^'^.96 MHXMAA2» HTPt AE AYIAL ht fll»x 


4.76 K.»4*AD14EA PEA HEAT PIPE 
0.817 M14 ••'MAT2> MTAIAE AAP HTFLJ 


// 


TYPE .30 DA STOP 


ORIGINAL U 
OF POOR QUALITY 

#»o» no. 10 9- 1 7-73 n«n fw^uTi km^*2 ...fTO* 

»m**0.7 #to»» 

0.700 mrf^cTOf fow»»»»hi <kco»»> < I * iS/'uc * uofil) cove "vc 

•rTw»'> Hiri%T TrM^»DW« y ( 1 « S/»v< tco> PcruccTOO •»«o 

34?'0. •Ttimit' t i^rt tr«r» o*vr <kh»> <l»£»-3''Nt»MO»w) mc^t p>ipk ■mo 

1.00 *r*un> coMV u^o m^tto <km^i»o»') < 1 * 2''i_ i » » n ^ 

10. 0 (.ai*'-fL> i»>'i^i. MT FLy>?«Kw/'CM2 (xa^rm <1*2> □■tion *2 

300 . <rt>TrM*;f> MAX rycL p«ut^ 

1.00 <’t-IIH.l') P-X^y «VT«M#XOf4»ft 

MOTe« Ol»TION.i! •>»■» t 1-COPK »CfXOn« 2-f^»CX^X«t> 

TV^*' in ANY or ■OLUaUTN'? X OCOM«^M> XAi'Xn^ VNAT ^»*TA NA|AC . . STOA 
nAIAP«lc‘0 ®TOA 

120 CriAXA»> no, of m«at fxf»» 

»*TA 1,'C »/C» ACFA FKAM.S »MXM DXMXN COM9AF KNWAF 

0. 150 0. 012 0. 050 0,300 1.500 0.050 0.080 0.015 0.005 
tyff: «tof» of n«w corifTAnr* x*. *.'C*0. fkai/'»*2. «tc ...stof 
MC* 0.008 *TCF 
»Lf xnnex « 3 

a 0. 100 0.200 0.300 0.400 0.500 0.300 0.700 0,800 0.800 l.OOO 

DC ■ 0.183 0.208 0.230 0.230 0.288 0.352 0.437 0.585 0.843 ♦. 

DCM a 0. 3.484 0.354 0.251 0.205 0.177 0.158 0.145 0.134 0.123 

♦ *♦♦♦♦♦♦♦♦ TVFC ‘ID OF fTFFT QM*F ♦♦♦♦♦♦♦♦♦♦♦♦ 

•30 

*bta «0. .500 I'na aO.3805 mf *0.3085 Dx -0. 1000 DC ■0.2538 

FBA'tT It/ITY •rHAN'SB j;* OBLTA K 

a 0. 01877 exF * 0.01734 jafk a 0.02000 total. ■ 0.05741 

FUBU FLBMFNT l.'OL MM* FFACTXON 5 

•riADOINfl FIJBL. FK'3XOt4 HKAT FXFC 14ALL+IIXCK VAFOF 

0.0500 0 . 7228 0 . 227 1 0.0808 0.1 333 

weviSirtrinAL, •rOFNFF COFFBCTXOM FA'CTOF al, 0588 

nUMFFB OF HFAT FTFBS = 30.3773 

run TMIJM PFA'CTI'CAL ':OF SFE'C X F X ep’5 niJMEEF OF HEAT FIFES “ 120 

TEMFEF|S>TUaE SUMMAFY » DE*5F€E KBCL'Xrj 

MAVin'JM fi.iBl. delta T a 101,1 

Al'>3 DELTA T AOCFOSS HEAT FIFE NALL = 10.0 

AI -EFA'SE FLI6L TBMFEPATUFE al4^.9,7 

maximum fuel temfbfatufe ai54i.£ 

^ijc»M ffacttom of u235 =0. 0328 

Fission DENSI-Y • F I 5:5 I orj ?••• -rriFFB > a 3.835 e+20 
FUEL SlJELL IN*3» l/OLUME ‘i = 8.35 
" •• *!• i iI,5!T 

BEACTc.q DtMENSIOnSr METfiFS FUEL ELEMEr4T DIMENSIONS* fIM 


0. 

2538 

caf9€ r»tisiMCTC^ 

22.24 

UIPTH 

RCCPOSS WC::? FURTS 

0. 

2538 

COP^F MFI*5WT 

23. 35 

cc?ut»/. 

FUEL 

eUCMBNT PIP 

0. 

4838 

PCACTOP DIP^MffTBP 

22.73 

cc?uxv. 

Fueu 

RE*sxori a.D. 

0. 

4338 

RBPCTOi-* HBI'5WT 

11.13 

HCRT RXRC O. 

D. 

0. 

1 0 0 0 

RKFUECTOP TWrCKNCSS 

8. 32 

i/RRQR 

X>rRMCTCR 

1 . 

0 1'l 0 0 

PTRF Let4GTH OUTSXtiC RBRCTOR 

58. 34 

l/iS|F-aR 

RREi^f 

riM^p£ 


1.3318 TOTAL HEAT FIFE LEN-3TH 

1.4333 Q'-’EPAlL PEA»rTDa+HEAT FIFE LEn*5TH 

PEACTOa UE TiSHTS* KlLO'SaAMS 

104.8 FUEL* '.1235 MASS a 88.2 
1 8 0 . 4 PEFLE'CTOP 

34.8 HEAT FIFES* NT-'urilT LEri>?TH '>;'. 5 'M> a 47,3! 
■3 3. 0 tranTPOL system 'assume corrsTAMT = 33 k>3> 

23.8 SUFFOPT STPIJCTUPE '7^ OF PEA>rTDP NT' 


4 08.8 total peA'CTOp + heat fifes 
73.3'^ mu-'mtf3 * A«.*<3 fonf in fuelsfa'IE 5.83 kn.fonep fep heat fife 

8'^. 83 MNXM*»2* HTPIFE A;;TAL HT FLU:' 0.3:58 MU .'M*'F£;» HTF IFE PAP HTFLX 

Jr.: . 

i 


TYf>E »50 FTOf^ 


9i>n» wo. 
%rom 


13 9-17-73 


TV^K NCM lN#MTt KHP»«S 


ORiQiN/^L : 

OF POOR QUALir/ 

. . . STOP» 


'•<’CO»»> <1 »£''UC»U02’> CO»*K "VC 

<l»£/»cttcai rnm^i-Kcram «tco 
Ckh^i <’l»£»3''wfiMa«M'> Mir^T *mo 

«NA 


l.nno c^p') #ow«p*Mw 

t4£9. <TM#> ¥*mmr mjmr t«hihpk.^ k 

339f>. <TTMir> LireTXM«» Pi»/i 

l.Ol'l ^fl,P> COWB L''P ^*TT0 <t*2^LI»N*> •y'l^P’DW 

Irt.O HT ruu >.' » kw^cmS ^io^-tw) o^'TXon *2 

200. <PT»fM*'f> ^UKC PeUTi* T»p«fl* K 

l.OO <wi»cl> ^x#r »vTrwiriON»M 

Norr* oPTXOwp A«r > 1 -copc rr p«st4n< 2-s^«cx^xcp pcfxvw 

TY*»« XN ^WV 0»» rOLi-OWXN.Jt I X>CDPK<M) <M> VN^T F»«T« N^X^K . . #rOP» 

N»»X^«*t32 #TO^ 

162 <^N«»X^K> NO. or HC««T ^X^C« 

PCTA VC VCP #KAV9 »HXN PXMXW CO««9A» ffNP4i%» 

0.200 0. 006 0.090 0.600 1.900 0.090 0. 030 0.019 0.009 

ry«»rx sromt am wkm cqnstikwts xk. vc*0. p»k<%v««2. ctc ,,, 9 ram 
»«Tt*»0.29 9Tom 
»CP XWPBX * 3 

MN« m 0.100 0.200 0.300 0.400 0.900 0.600 0.700 0.300 0.300 1.000 

PC ■ 0.136 0.203 0.230 0.260 0.233 0.392 0.437 0.939 0.343 ♦. 

PCM « 0. 0. 1.331 0.333 0.276 0.227 0. 137 0. 177 0. 162 0.190 

♦ ♦♦♦♦♦♦♦♦♦♦■♦ TYP’K c»o o» grmmr av«»* ♦♦♦♦♦♦♦*♦♦♦♦ 

90. ..AP JUST BETA FOA 1 0 > tWCULIWO 

»«TA »0.2900 VNA »0.4304 i/m «0.9136 ox »0. 1 000 

AEACTXVITY CWAN9er» PCLTA K 

pyPN « 0. 02230 trxm ■ 0.01764 saae » 0.02000 total 

riirc ELEMENT VOLUME A A AC TX ON I 

CLAPPIN9 EUEL AE9XON HEAT P'lAE MALL^NXCK VAAOA 

0.0900 0.6370 0.2930 0. 1012 0. 1913 

Wfi^AAONAL COAWEA COAAECTXON FACTOA *1.0739 
NijMPFA or MEAT riEES * 70.8802 

MtNIM'JM AAACTXCAL <OA SFECXFIEP) N'JMPEA OF MEAT FXFES ■ 162 


■0.2304 
0. 06094 


TBMFEAATUAE r IJMMAWY » DE9AEE KBLVXN 
MAXIMUM FUEL DELTA T = 87.5 

AV.S DELTA T ACCAOSS HEAT FIFE MALL 
AVEAA9E FUEL TEMFEAATUAE *1463.9 
MAXIMUM FUEL TEMFEAATUAE *1526.6 

EUAN FAACTXOw OF u235 *0. 0382 

FIESION DENSITY <F I SS I ON 5 XchFFB) = 7.017b+20 
FUEL SWELLING* VOLUME ‘4 * 3.54 

pWiacTOA DIMENSIONS* METEAS 
0.2304 COAB DIAMETEA 
0 . 23 04 COAE HE 1 9MT 
0.5204 AEACTOA DIAMETEA 
0.5004 AEACTOA HBI9HT 

0.1000 aeflectoa thickness 

1 . OOOO FIFE LBN9TH OUTSIDE AEACTOA 
1 . 3'='54 TOTAL HEAT FIFE LEN9TH 
1.5O04 Oi'EAALL AEACTOA+HEAT FIFE LEN9TH 


3.4 


FUEL ELEMENT DIMENSIONS* MM 

21.67 WIDTH ACCAOSS HEX FLATS 
EOUIV. FUEL ELEMENT DXA 
EOUXV. FUEL AES X ON O. D. 
HEAT FIFE D.D. 

VAFOA DIAMETEA 

vafoa AAEA» riMFA2 


22. 75 
22. 18 
11.44 
8.86 
61.71 


AEACTOA MCXSMTS* KILOGAAMS 

123.4 FUEL* u235 mass * 110.0 

216.1 AEFLECTOA 

34.3 HEAT FIFES* WT^UNIT LENGTH CkSXM ' * 67.38 

33. 0 CONTAOL SYSTEM ••ASSUME CONSTANT » 33 K.S") 
3:3. 1 SUFFOAT STAUCTUAE ';7*i OF AEACTOA MT> 


506.4 total AEACTOA + HEAT FIFES 

75.01 MUYMFF5* A>.'.3 FOMA IN FUELSFACE 6.17 KW*FOWSA FEA HEAT FIFE 
100. 02 MW.YMFF2* HTFIFB AV I A(_ MT FLU'X 0.763 MW XmFF2 * HTF I FE AAD HTFLX 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


Ty'FC 'SO 0» STOF 


mmop wo. 16 
rrop 




TVPK NCM |W» 0 T* mmmt. 


ORIGINAL PAf t Fi? 
OF POOR QUALITY 

. . tram 


£. 000 fpm') mqptcrafP ^ow<r»»*MW 
1425. t TWP’ ) HfiPT mjpm TKHPtr>K9 K 
36 *iri. fTIwe^ L. I^VTXMK* 

1.00 >rjuD> camt c^D mmrta 

10 . 0 <p*x-L) HT rcU'^f'KW/CM 2 

200 . ffUKU VKLTA T$VK 9 K 

1.00 ■'H^uP PT^K rXTKNJFIOWtM 
MOTir. O^TIOW# #*»« « 1 -CODS DBSt'SWt 2 -S^CCX^ISO 

TV^S IN «^WV or rOLUONTN-^ I DCOrs<M> xrsr<N^ WNrT 


<’kcd<*s> <i t£^»jc*>ja£> co**s ■wc 
<rpicr> <l«2^»s*»so> wsruccTor ■tco 

^KHr) <’1 * 2 f jt^MSfMOt w) MSAT PtPm MHO 
(Vi^Aror > < 1 * £ ''l X » WA> umpom «na 

<IOrTN> <l#2i* OrTION m£ 


OKSI 9 N 
r»VTA NPIPK 


MTOP 


Nrirs *210 *Tor 

210 <Nrirs> NO. or ms#*t rtrss 

BSTA t^c 'VCD l*lLr« PHPi^9 »MIN 

0.500 0 . 005 0 . 050 0,600 1.500 0.050 


DXMIN 

0. OSO 


TYrss j:Tor* or nsw constant* is. «vc* 0 . rK«'/»?» 2 . STC 
»BTr» 0.4 *Tor 
JLD INDSX * 3 

i^riP a 0 . 100 0.200 0,300 0.400 
DC « 0 . 196 0.209 0.230 0.260 
D“w = 0 . 0 . 0 . 0 . 

♦♦♦♦♦♦♦♦♦♦♦♦ Tyrs 90 


can« 7 Ar 
0 . 015 

. . STor 


BND'VAr 

0.005 


0.500 0.600 0.700 0.300 
0.299 0.352 0.437 0.585 
0.616 0.390 0.309 0.263 

0 » STi*t»T 0 'VS» ♦ ♦ ♦ ♦ 


0.900 1.000 
0 . 9*' 3 ♦. 

0.233 0.212 

♦ ♦♦♦♦♦♦♦ 


«o. . . i%DJ'j»T tSTA ror 
tsTA *0.4 000 'vwr I 
rrACTUviTY cwt*w*»rj:» 

«MWig ■ 0.03113 

ri.i*L SLEMBNT IVOUIJMS 
ci.nDDiw<.n ruse 


10^ XWCLUXN9 

• 0.6217 ivr ■ 0,3733 Dv 

DSLTrt K 

txr ■ 0.01764 
rrs^cTxoNir 

■R9XON HEAT 


TArr ■ 


0. 1000 

0.02000 TOTAC 


DC 


■ 0.3672 
0. 06877 


rirs 


walutwick 
0. 1265 
1173 


VAAOA 

0 . 16!93 


0.0500 0.6336 0.3164 

Hr s A-aOMiStL COANSA COAASCTXOW AACTDA «1 

NUM?j?A or HEAT A TASS “ 94.2127 

MrwXM'.'M AAArTXCAi_ (OP SABCtrXBD> N'-'NtEA Or HEAT AI^ES ■ 


210 


TEMABAATUAB SUMMAAV » DE'?ArB t' EU'VXN 
riJBL DELTA T = 89.7 

A '.'9 DELTA T ACCADE? HEAT AXAE WALL ■ 11.4 

,^i.*epAiVF ri.iEL tbmaeaat'jae * 1466 . 3 
MA.TM'.tM rUEL TEMABAATIJAB “ 1531.9 
rAACTtow or '.'235 “ 0.0519 
rX 5 ?lo*-J DENSITY *’r X E 5 T ON ? '',;f.,TA 3 > “ 7 . 630 bT 20 
rtJEL SWELL I^|A^ I.’OL'JMB *; “ 10,56 
" '• •?. T l7,fcO 


ABACTOA DIMliNSIONS* METEA? 

0.3672 C 3 AS DXAMETBA 
0.3672 C. 3 AB HEI'SHT 
0 , 5*72 ABACTOA DIAMETEA 
0.5772 AKACTOA HEI 9 HT 
0 . 1 OOO AHALECTOA THICHNEEf 

1.0000 pirr LEw^sTH o'.'Tfide abactqa 
1.4722 total heat axab LEWiSTW 
1.5772 QIVEPALL AEACTOA+HE AT PXAE LEN.?TH 


njEL ELEMENT DXMEWBIONE* MM 

24,07 WXDTH ACCAOsS HEX ALAT* 
EO'.'I'-‘. rUCL ELEMENT DXA 
EGMJX'V. njEL AC 9 XON O.D. 
HEAT A I AC O.D. 
l/AAOA DXAMCTCA 
•VAAOA AAEA« MMAA2 


25.28 

24.64 

14.22 

11.01 

95.26 


ppftCTOA WPIISHTS* KILO'SAAMS 

1 * 0.4 PiJBL* '.'235 MASS “ 161.8 

310.7 AErLECTOA 

200 . 3 heat pipes* wtxijmit length ■ 136.03 

33 . 0 COMTAOL system (ass'jmb constant “ 33 k*?"* 
51.4 “UPPOAT STAUCT'JAE ' 7 *i OP ASacTDA WT’> 


785.7 TOTAL AEACTOA + HEAT PIPES 

81.56 Mij Pni(P in puelsaace 9.52 kw*aowea aea heat aiae 
**.98 MW'>TP8. HTA IPE AVIPL hT PL'JV 0.750 MW ■'■f«AA2 » HTPX PE AAD HTPLK 
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TVP^K r;o OPJ “Ta^4 


^■o» NO. I"? 7-17-78 

»TO^ 


TY^« N«W IN»IJTI KM»«2 


®^P00« 


#TOI» 


4.0'tn O'Ot lifr^CTOO ^OMKP«HW 

1457. M*<»T T»M»*P«« K 

Si 7 rt. <TIMr> L trVTIMC* C>Air f 

1.00 in.v> cans l^o »#*Txa 

10.0 HT rLO?* * >'W ''CmS 

£00. M*4 ruKU. CILTA T>DK)9 K 

1.00 ^XP^K KXT«N#XON*M 

flOT»» O^TXONf X 1-COD* Otfl-fN* £-J^«CX»pX«D 

TY»»r XN or roLLOMXNiv i Dcor«<M> »<(•«» i'ni VNrr 

Nrxr «*284 xTor 


<Kcor«) <l ♦£''uc*uo£^ cor* 

^*-r«r> ^l*£'t*«t*o> r*rLKCTor "tro 
<KHr> 1 1 * 2 < •!^Mr>MO*N> M«rT rxr* «Ma 
<^i>A«or'< <1 ♦£Y’ux»P 4 r^ •■•rror " 44 r 

<’xorTM> <■!»£■•• orrxON ■£ 


0 *tX«N 

rt«rr wrxr* 


#Tor 


284 <Nrxr*> no. or H*rr rir«# 

*«Tr i/>c i^CD rcrr rKri-*'j *mxn o«mxn cor^iAr CMD<yAr 

0.800 0. 004 0.070 0.800 1.700 0.070 0.080 0. 017 0.007 
Tvr*x .TTor» or n*m coNrrrwTr xc. i/c“ 0 . rKAt/a» 2 . *tc . . . *Tor 
»*ta» 0.78 »Tor 
TLD INDVy ■ 3 

i^Nr » 0. 100 0.200 0.300 0.400 0.700 0.800 0.700 0.800 0.900 1.000 

DC a 0. 198 0.208 0.230 0.280 0.299 0.372 0.437 0.787 0.943 ♦. 

DCH « 0. 0. 0. 0. 0. 1.712 0.787 0.418 0.344 0.300 

♦ ♦♦♦♦♦♦♦♦♦♦♦ Tvr* *iia or rrrrT o'^cr ♦♦«►♦♦♦♦♦♦♦♦♦ 

•310. . . rDjtjiT #«Tr ror iO'i *u«uuxn'» 
mfTifc "0.7800 vwr "0.7417 i^r "0.2787 ov "0,1000 DC "0.4863 

rrA'TTTl^’X TV CMAWnt*#* D*LTr K 

■ 0. 03'=»24 *vr « 0.01784 *rrc ■ 0.02000 rarru " 0.07888 
rtj*c ccCM*NT »/DUUMr rrrcTXONS 

CUADDIN'S run. r*t»xoN H*rr rxr* wiTCU+wxck vrror 
0. 0700 0.7898 0.3802 0.1441 0.2161 

Mrwts^-'saNru carN«r •rorr*CTXDN rAcrar "1.1748 
NUMtcr or HFAT rirFf » 127.4797 

MINIMUM rrA.-Ti»rru <or sr*>rirx*D> NUMD*r or w*rT rxr** " £84 


TBMrrrATur* ruMMiSirYt D*'3r«* keuuin 


Mti^YIMUM rUffL D*LT« T * 98.6 

Dn_Tr T isi'r'rra-5* wcrr rxr* Nrui_ " 13.7 

A)y'Eri«M.«F ruru T*Mr*rATijre "1470.9 
Mi^YiMUM run. TeMr*rATi.i»* *1742. £ 

EijAN nvAcriOM or u237 “0. 0874 

risrinM o*n?ity <^rx*sxaNi?''‘ZM*r3'> " 7.074 b+20 

rusL sw*LuiN.3i»uocuMe "10.07 


" •• V* 

rri*iCTar dim6nIion-» M*T*rs 
0.4883 cor* DirMET*r 
0.4885 cor* nex'SHT 
0.7183 r*ACTor oxrM«T*r 
0.8985 reACTor mciismt 
0. 1000 r*rt.ecTor thxckn**? 

1.0000 rxr* lcn'Sth outfid* r*rcTor 
1.7913 TOTAu MffAT rire lbn-sth 
1.898 5 ouerALL rBrcTar+wirAT rxrE 


rUBL BUBMBNT DIMENFIDNSii MM 

£8.47 WIDTH AizcroF* w*x rcrr* 
29.87 eouxv. ru«L blkmbnt dxa 
29.11 KOUIU. ruBL r*«XON O.D. 
17.92 HBAT rxre o.d. 

, 13.88 urror DxrM*T*r 

171.40 urror Ar*r» MMrr£ 

I ar D.J i*s *r kj 


ppT)SM7TaR wex»5Mr5« ►riuois^AMS 

302. 0 ruEL.* u237 mass = £78.7 

493.8 rEn-FZTa" 

432.7 HEAT riPEF* WT/UNIT l_EN<?TH ^KiSYm) = 271,80 
33. 0 CDNTrOL FYFTEM <Ar 5 UME CONSTANT = :1 3 KiS 

88.3 surrorT STru'ZTurE < 7 ^ or hkactop wt> 


1349.4 total PBACTor + meat aiabs 

77.40 Mw^Mrr 3 . A'.'--! row" in ruELsrACE 17.17 KW»rowB" rsr heat rxrE 
100.05 mwym"a 5 » htpiab ayial ht fuuy 0.714 MWYMrr 2 . mtf irs pad mt"l« 


ORIGir^Al. PASS ra 
OF POOR QUALITY 


I 

•»n 


►•Ol* MO. t TY^lf N«M |N»lJTt ., 

TMi»»t4g?. tim««3<S50. »-'coi*«« 9 iaf»TN*S tro^ 


*TO» 


O.S'll'i fPVACTow ^oMCi»*rHi <Kco»«> ^1 f g>'uc»Mag> co^ir ■MO^Ouog 

14g*^. tTMP) wr^T p>jpw »«^u«CTO» ■f«o 

‘iATifl. ♦ TIMir * Ul^rTtM«* o^v f <kM»> HfTAT «MO 

1 . no f»t»> cm*r C'’© •atio ^l«S''ct*NA> »na 

iri.rt I'p^’Yl.) MT FLM*f«KW''CM2 (^lO^TWli ^ | OPTION •& 

soil. (©TrM^v) r»i«i Y ©KUTA T»©*4 *t 

I, on ‘H»i. i) miPW «nT»wriON*M 

r<oT»t orTtON« Awr I l-ro©« »t ©v#i<fN« g-r»cctriK© ©k*i«n 

Typ-r IN iP»Nv roi.i.oNiN4 t ©co**«<M> >mmr rtCTA n^i^k ..sto^ 

w»i»ir»34 gTom 

S4 NO. or M«#^T rirvv 

©BTA N<r VC© ^crr rKrv.» ©min ©vmtn cor<«*r CN©arr 

O.ton 0. 0.090 0.600 i.900 0. 090 0. 0-30 0. 019 0.009 

TVMri jsTor* am nitu coN^rrMT-f ic. vc*0. rkf^vj^S. «TC . . . sror 
vc»0.0!g vc©»0. STor 

3FL© xut>mx ■ 3 

lyNF B II. 100 o.goo 0.300 0.400 0.900 0.600 0,700 0.300 0.900 1.000 

©c ■ 0.299 0.326 0.363 0.412 0.479 0.962 0.694 0.961 1.794 ♦. 

fCM ■ 0. 0.207 0.142 0.119 0.099 0.033 0.031 0.074 0.070 0.066 

♦ ♦♦♦♦♦♦♦♦♦♦♦ Tvr-K >30 D» gJiHmr a>'wm ♦♦♦♦♦♦♦♦♦♦♦♦ 

ita 

©IT* *0. 1000 i,-Nr *0.1901 vr *0.3499 ©w *0. 1000 ©c 

P«»*iCTI'-'ITY CHAN9VS* ©KLTA *< 

©MWN * 0.00464 »V|» ■ 0.01274 gmmg. * 0. 02000 TOT^t ■ 
rufL rLKMrNT i'Di-ijm* rwAcrioNr 

•~Li»>D©tNfl FMCi. rB'JION WK*iT ri*K NAUL‘fNI>=K V«*0»» 

0. 0.9993 0.0442 0.0177 0.0269 


■0.3119 

0. 03733 


H*-<’iiSi>'5nrj*L co*N** .Ta**rcTiON mmcram *1,0020 
cir Mir*T rircr * 31.9-336 

MifjTMMM f'r*,rTic«L ^o* r©6cirie©) numpk* or *-ii»«» 
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TFM»rp*Ti.i*r • ©r>5*e* k'Kcvin 

Mp riMijM rucL. ©eurp t * 79.2 

i*tV'3 ©cltp t mccmawB hcpt rir« n*i.u * 3.4 

rti'EP*.?* ruFL TEMr«P*TU*« *1493,4 
fipvTMMM n.i£i. TeM*R*i*iTi.i*« *1909.3 
£ij*M rppcTiON am u2-39 *0. 0077 
rt-FiON ©ENjttTv <r issiOM© •'CMrr3‘> * 3.349«+19 

niSL "uruL. IN'©* VOL UME *4 » 0, 


NEP'"Tn* ©TMEN^inNS* METEP-f 


0 .3119 

ca^ir 

32. 

0.51 15 

CO«»r MirtijMT 

33. 

0.541 9 

^•P|»CTa^ 

33. 

0.9215 

P^ITACraW M€T*^MT 

7. 

0 , 1 0 0 0 

P«rL.irCTOI* THIC»9N»jr|: 

9.: 

1 , 0 0 0 0 

FTPP LCN^TH OUTS TO* »*^CToi 

23. 

1.4165 

TOTi»iU HCPiT LKW»5TH 


1 . 5.=' 1 9 

OVEPALL PEACTOP+HEAT FXFE LBN'STH 


CLEMENT © I MEN© I ON* • MM 

WIDTH mccmaig w*i< plat* 
CRI.IIV. rvEL CLEMENT ©XA 
COUIV. ruCL «C'9XON O. ©. 
HEAT rXAE O.©. 

VA*OP ©XAMETEP 
VAAOP AACA* MMAA2 


■ FA'-rn* WEI'9HT-y* HIL0'?*AM# 

214.3 FUEL* '.•239 MA?s » 103.7 

24 0 . 2 PEFLE'rTOP 

19.5 HEAT FIFE** WTYUNIT l.BN'STH (H'S-'Ml * 13.60 

55. 0 'rONTPOL SYSTEM 'jAft-'.tME CONSTANT = 33 M>3 ^ 

59.5 S'JFFOPT STPUCT'.tPE <7’'. OF PEACTDP WT> 


542.. 3 TOTAL PCACTOP T HEAT FIFES 

3.92 MW 'mFF3. |=|I.'<3 FONP IN FUELSFAirE 2.5-5 KW*FOW*P FEP HEAT FIFE 
100.04 MUYmFF.?* MTFIFE ArflAL HT FU'J - 0.442 MW yMAFg ♦ HTF X FE PAD HTFLV 


T . FF .-n no STTHF 


f 


9C 

NO. 3 
1*1,4 ITO«* 


1:5-78 


ORIGINAL » 

♦♦♦♦♦♦♦♦♦«»«♦«»#♦♦#• OF ponr? {• 

Tv'»» N«W INI^UTI KW^*3 ...tTa« 


•r, If <%«» ‘■i' ? 




c I • S-'Mc • yo3 > 

<K»R(r> ^1 « .'XtK* r«0> 

fKH*5 n • 3t 5''NtiHO*M'> 
< I • S-'L I • 
<IO^TN‘> fltS) 


0.4fl0 (>»' WCACTCIP* PDMCWtMi^J 
1435. ^TM»> HITi»r TrM»*PB»J 

3*ii50. ^ L X^€TIM«* P* r r 

l.fMI C»LP? Car*K L- 'P »i»Tia 

10, ft xii^v. WT ruu ►'M 'cm2 

200. tPTI'M*:/) M^X ruri. PRCTiH T«PK<> K 
1.00 ^MP-tl') KXT€NfION»M 

NOTr* oi»TfeN» •■K** I l-coD« pcsx^n* £-*»*«cx*'X«p 
rvmm XM #*NV rauL.owTM'» « pcow«<'m'’ vp»»km> t/f-mr 
n»x#«»:54 stop 

tmrm 

0 . 100 

TYI»«I STOP* 

STOP 

XMP«X ■ 

■ n.loo 

■ 0.28'5 

■ 0 . 

» ♦ ♦ ♦ 


ca*»c ■Ma 80 uo 2 

(•■PruKCTOfi 
M«(%T PXPK «MO 
t/PPQP *NA 

OP^TXON ■£ 


PKtXON 

rt«TA 


#TO^ 


84 <'N»»Xf»C'> MO. OP 

«/c t/CV 

0.012 0. 0.800 
am N»W CON'FTANTI XI 


MKi«»T PXPmt 

PHP>.>9 PMXN PXMXN 

1.500 0. 050 0.080 

:. uc* 0 . PKp*^<fmS. mrc . 


camvmp 

0. 015 

. . *TO^ 


KNP9A^ 

0. 005 


SLP 

I/UP 

PC 

PCM 

♦ ♦ 


:3 

0.20 0 
0. 328 
0.283 

♦ ♦ 


0.300 0.400 
0.38 5 0.412 
0.201 0.183 

TV^« »JD 


* p 


0.500 0.800 0.700 0.800 
0.475 0.582 0.884 0.881 
0. 140 0. 125 0. 114 0. 105 

OP» MrpmT ai/&m ♦ ♦ ♦ ♦ < 


0.800 1.000 
1.754 ♦. 

0 . 088 0 . 083 


•30 

t«Ti» «0, 1000 '.’Mr "0.1:348 

»»€*CTII.'XTV CWi*M-3lf r. Vmi.TP M 

PUPPM ■ 0. 00:?81 m/p ■ 0. 01274 

PU*L ecCNKNT rWACTION* 

cui»PDiNi3 pi.mi. mm^^xau heat pjpw 
0. 0.8187 0. 0833 


I/p "0.8152 px "0.1000 

0.02000 TOTAL 


PC 


f AAir 


■0. 3214 
0. 04155 


MALLTWXCK 

0. 0333 


l^AAOA 

0. 0500 


Mirv"aarjp»L (raAMr" coaaectxom faictoa 
M i.tMirA O" MEAT AIAEJF » 46.5570 

MTNTMIJM AAA.-TTCAL <D" 5AFCXAIEP) 


'1 . 0070 


NOMPEA O^ HEAT AIAE* « 
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TlfMAFAATUAE «• tMMAAY . PE'SATE KEU'-'XN 
MAXIMUM ri.ipL PELTA T » I 1 0 . :3 

AU.5 PELT A T ACCAnF? MEAT AXAE HALL ■ 8.' 

ai^eaa>pe euel temaeaatuae “148:3.5 
MAXIMUM EHFL TEMAFAATUAB “1545.7 
PU"N EAACTIOM QF u235 *0.0147 
EipyiOM pem.-ity ^fispxomp ■^cmt#3> ■ 1 . 5.85et20 

FUEL yiJPLLIM.5» t'OLUME - 0 . 


mm**cram oiumus xaus* meteap 


FUEL ELEMENT DXMEN?IONP» MM 


0.3214 COAE PiAMETEA 33.18 

0.3214 COAE MEtijMT 34.:55 

0.®i®ii4 "ea*-toa dtamftfa 34.:35 

0.5314 AFAi-TOA MEX-5MT 10.08 

0. 1 000 AFFLECTOA TMLCMNES* 7.78 

1.00 00 FXAF lFN*3TM out? I PE AEA'CTOA 47.88 
1.4284 TOTAI. heat fife LENffTH 
1.5314 queaall aeactop+meat fife length 


HIDTH ACCAOPjr HEX FLATT 
EPUXU. FUEL ELEMENT PIA 
EPUtU. FUEL REGION □. D. 
HEAT FIFE D.P. 

UAFDA PIAMETEA 
UAFOA AREA* MMFF2 


REACTOR HEIGHT-* KILOGRAMS 

225.8 FUEL* u235 mass 


25 1 . ■=• 


1.1 

5 


* 114.4 

REFLECTOR 

HEAT FIFES* HT'UNIT LENGTH fKG’'M'' “ 27.22 

CONTROL SYSTEM ifASSUME >rONSTANT » 35 Ki?) 
SUFFORT STRUCTURE <7*^ OF REA'CTOR HT'' 

total, reactor + HEAT FIFES 


18 . 84 

•iCl. 'Up 


|S»» POWI* X N FU«USPf^J®iCe 
MTP IFC iP» IiaiL HT 


4.78 KH»FOHER FER HEAT FIFE 
0.805 muymffs.htfife rap htflx 


»TDF 


in 


omotNAL nee m 

Of fOOH QUALITY 


timnf' nn. jt ^-tS-73 rrPtr n«m »p«1. kh»«2 . . . ST0» 

#•■11,7 trap 


o.7ori 

145?. 

J. Oif 

to. 0 

500. 

I. on 

HOTtf* 

TVF« 


mg^t~ram »ow«»«mw 

<TW») Hr AT T«MA*P»<1I K 

fTIMir) L. irCTIMVt OAYf 

^»LP) co»r m*>rta 

<PAVU> Ai lAU MT rLU^tKW-^CM^ 


^Kco**"* < I • S'>je • •joi) 
CK»«r> ft *5'^tc* »ico> 

(’kHA'I Cl * 5» 3>^Nt* MO' m> 
CKt^APOai <i«2.^Ct»NA> 
<ioatn> <1*5> 


eoA« ■mo^0uo 5 
WVircCCTOA «»CO 
HVAT A|*C ■HO 
«/A»0» "MA 

OAT ION «5 


•TiTAMA ') MAvc AM*U CtCTA T«DC4 K 
AIAC evTANf lONtM 

OAT ONS A«r t 1-CODC AT IMSI>IN« S-fAKCIAtKO DCttAM 
IM ANY OA AaUi.OWXN>» I DCOAKCh) VA«ACm> MNAT At«TA NAIAV 
150 fTOA 


#TOA 


ISO CwAXAIt) HO. or HBAT AXABf 

•IfTA t^c t/CD AUAA AKAM-J IMXN DXMXN COM4AA BHD4AA 

0.100 O.OIS 0. 0.600 1.500 0.050 0. 0$0 0.015 0. 005 

TVAirJ rroA* o» hbm con#tant* xk. ii^c*0. AHAt-'?*S. «tc ...stoa 

MC«0. 003 *TOA 

#1.0 THOBV ■ 3 

|.'HA a 0.100 0.500 0.300 0.400 0.500 0.600 0.700 0.300 0.300 1.000 

DC » 0.533 0.356 0.363 0.415 0.475 0.565 0.634 0.361 1.754 ♦. 

DCH - 0. 0.330 0.563 0.514 0. 134 0. 165 0. 150 0.133 0.130 0. 155 

♦ ♦♦♦ ♦♦♦♦#♦♦♦ TYA* HO OA *TA»T O'^RA ♦♦♦♦♦♦♦♦♦♦♦# 


•30 

IRTA aO.lOOO t/NA ■0.5564 ^0.7736 Dx ■O.IOOO DC ■0.3343 

ARA.-TX'/XTV CHAnHR#. DRLTA 

ti.iwN ■ 0.til4 35 RVA ■ 0. 01574 #aa» ■ 0.05000 total ■ 0. 04703 

AUfL ruRMRNT t/CH •.•MA AAACTXOMf 

•Tt. ADDXHH AURL ARHXOH MRAT AXAR MALLTWXCK I/AAOA 

0. 0.3665 0.1335 0.0534 0.0301 

HR YAAnf j Au coahaa coa*rctxoh aa*:toa «1.0130 
HttMPFA OA HRAT AX ARE- ■ 61.1476 

MTHTHMM AAACTtCAL COA SARCIAXRD'> HiJMRRA OA MRAT AXAR# ■ 150 


T|TM|SfCMiairi.lAA “I.IMMAA Y * t'R'SARR t* RL'''XN 

MAXIMUM AURU DRLTA T ■ 101.3 

A<'<< DRLTA T ACCAOTT MRAT AXAR MALL « 7.7 

Ml/'FAAHif AURL TRMARAATI.l AR *1466.7 
MA 'IHI.IM AURL TRMAAAAT'.tAR ■ 1533. 4 

BrijMM FWA.-TtaH OR • <535 *0. 0533 

AT5?tOH DRNyiTV f A t *# T OH# '' CM ♦ ♦3') * S.534R+50 
Af.tRL ?kiALLXN>»« •/■DLUMR *; * 0. 


ARACTOA 

0. : '-!4lr! 

0. 3343 

0. ?643 

0.5443 
0.10 0 0 
1 . 0 0 0 0 
1 .4333 

1 . 5443 


DtHRMTIOM?* MRTRA# 


AIJRL KLRMRNT DtHRMFIOMf. MM 


COAR DIAMRTRA S3. 00 

COAR MRIHHT 30. ‘♦4 

ARACTOA DXAMRTRA 30.44 

ARACTOA HRXHNT 11.15 

ARALRCTOA THXCKNRf# , 3.65 

AXAR LRM>»TM O'JTSXDR ARACTOA 53.31 

TOTAL MRAT AXAR LRNHTM 
O'^RAAlL ARACTOATmRAT AXAR LRNHTM 


WXDTM ACCAO## Htfv ALAT# 
RPiJXiy. AURL RLRMRHT DXA 
ROUX*.'. AI.IRL ARiFtON O. D. 
HRAT AX^ . O. D. 

»^AAOA DXAMRTRA 
UAAOA AAR A* HMAAS 


ARACTOA WFI*?MT?» •^XLOHAAM*’ 


543 . 3 
563 . 5 
66,5 
33 . 0 

45. 3 


AURL* •j535 MAS# * 155.8 

ARALRCTOA 

MRAT ATARTf WT''IJMTT LRHHTN 'yi3/M) * 47.58 

CONTAOL FYFTRM <A»Fl.tM* irONFTAMT ■ 33 K©') 
■FIJAADAT FTAIJCTUAR <7*. OA ARACTOA MT'i* 


655.5 TOTAL ARACTOA + MRAT AXAR# 


57.65 mm/maa**:. Ai. 'S aom* im ai.irlraacr 

Ifil'i.ri*. MM'-'MAA?* MTATAR A x I AL MT ALU Y 


5.83 MW»AOMRA ARA MRAT AXAR 
0.644 MM-'M*A5* MTAI AR AAD HTALV 


It 


*r * •: ar I’ln no r "rnia 
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NO, 4 


OWCINAL PAGE rs 
OF POOR QUALITY 


TYf»K MCM INPUTS ^»al. KHI»*S 


«TO»* 


<Kco«»«'> < 1 » 2^'uc * yoS> 
<K»K^') <1 »co> 

CWH*') •t’l «2» 3YM»,Ma»H‘> 
<K(/A»0»> < 1 » £/'l. 1 1 NA'> 

<IOI»TN^ <l»2> 


co»v ■Moi&Oua£ 

PCP-LKCTOI* *i«0 

H«|I»T MMO 

OPTION »e 


1.0(11') l*»rACTaM rOMCMtMM 

142^, H»i»T l»n»« TVMf»*C)C«7 K 

38150. (TtM») LtlTKTII>1K«Si««yS 
1.00 (fLO^ CD**F L^D W^TIO 
io.C «t ruuv » kw. 'ch2 

200. ruCL d*l.ta t»i>ko 

1.00 KyrCM«:iON*H 

NOTC< O^TZOIMIF AWK t l-COOfC PT PCSItVNt 2-SPKCtPXKD 
Tvn* IN *NY am raccawiNQi t pcaPC<H> (.»NrT 

►mi^K»182 9TOm 

162 (n»ipc> no. aw h«at wjwm* 

wmrm */c »^c» shin dymin cop'Tap cnd 9 a^ 

0. 100 0.008 0. 0.600 1.500 0.050 0.030 0.015 0.005 


DKSX9N 
F»KTA NI»If»C 


Mraw 


• rmti *Tn^« ow wkw con»t<*nt# xe. uc«0. )*kaw9«2. ktc . . . xto^ 

• ■•c«0. 006 STOW 

XLtt iNr>«x ■ 3 

B 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 

DC » 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

DCH ■ 0. 0.449 0.313 0.255 0.220 0.197 0.179 0.166 0.155 0.146 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TY^K 90 OP* XTP^WT 0)-^CI9 ♦♦♦♦♦♦♦♦♦♦♦♦ 

90 

»CTi% "O.IOOO «0.2630 uw ■0.7370 Dv "0.1000 DC "0.3482 

l*Bi^CTI''’ITY CMii»N9«X« DCL.TM K 

su"N ■ 0.01915 KXP» ■ 0.01274 x«"k ■ 0. 02000 total ■ 0.05139 

F'JCL ELSTMXNT •^DLUMK rWACTXOMX 

CL ADD I N9 FUEL "C9XON MEAT FXFE WALL+WICK UAFOA 

0. 0.8238 0.1762 0.0705 0.1057 

MFYA-SONAL COAMe" CDAAECTION FACTOA "1.0315 
MUMrEA OF HEAT Ft AES = 71.2219 

MINIMUM FAACTICAL <OA XFECIFICS^ NUMDFA OF HEAT FIFES ■ 162 


TEMFFAATUAl? SUMMAAY » DE9AEB KELUXN 
MAXIMUM FUEL DELTA T * 87.9 

A'/*? DELTA T ACCAOSX MEAT FIFE HALL » 7.8 

AUEAA9B FUEL TEMFEAATUAE "1462. 1 
MAXIMUM FUEL TEMFEAATUAE "1524.7 
eijAM faactiom of u2 35 "0.0319 
FISSION DENSITY <'f T « s ionjxcmfa3'> ® 3.447e+20 

FUEL SWELLINiS* VOLUME “ 0. 


AFACTOA DIMENSIONS* METEAS 


FUEL ELEMENT DIMENSIONS!! MM 


0.3482 COAE DIAMETEA 25.97 

0.34!-*«2 coaf HEI9MT 27.27 

0.5782 AEACTOA DIAMETEA 27.27 

0.5582 AEACTOA HEI9MT ^ 11.45 

O.IOOO AEFLECTOA THICKNESS * 8.87 

1.0000 FIFE LEN9TH OUTSIDE AEACTOA 61.74 
1.4532 TOTAL HEAT FIFE LEN9TH 
1.5582 OVEAALL AEACTOA+HSAT FIFE LEN9TH 


HIDTH ACCAOSS HEX FLATS 
EOUIV. FUEL ELEMENT DIA 
EOUIV. FUEL AE9ION O. D. 
HEAT FIFE O.D. 

VAFOA DIAMETEA 
VAFOA AAEA* MMFF2 


AFACTOA WEItSHTS* 

=■59. 4 
2«5.5 
98.8 
33. 0 

47.4 


KILD9AAMS 

FUEL* U235 MASS = 131.5 

AEFLECTOA * 

HEAT FIFES* MTX'UNIT LEN9TH <K®i''M> " 68. 02 

CONTAOL SYSTEM (ASSUME CONSTANT = 33 K9> 
SUFFOAT STAUCTIJAE (7*; OF AEACTOA HT') 


724. 1 TOTAL AEACTOA + MEAT FIFES 


36.84 MH'-'M«'F3* AV9 FOWA IN FUELSFACE 6.17 KH*FOMEA * ' !* 
9'3.'?8 mwxm>f£i. mtfife axial ht flux 0.637 mwxmtf2* mv^- IP 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


HEAT FIFE 
■E AAD MTFLX 




TS^P>ir «n OP STOP 


f$o 

ria . ? 

ITOP^ 


ORIGINAL PAe ^' 

OF POOR QUAU<*Y 


• 5 -IS -78 


TV(*(t r4»w INPHJT* HHmmS ...trat^ 


(ucame > < 1 » S''tjc * *ja£> co»c "mo^ 0<jo3 
<'t tKO> f»rfri_gcTat» •tKO 

<«M»> t 1 * £* MO« w') HCAT P'l^F •MO 

■N»% 


Ol'to fvcACToi* »»aMiri»*Mw 

14c’5. 'TM^) HrAT AII»« TCMAtPK'll K 

3650. 'TXM«> L.irBTIM«* rAV5 

1.00 COAir u/p PATIO <KMAACIP) <■! » £''L I • NA4 t^AAOA 

1 0.0 (c*avl> aviau mt rLU>'» kwv'cmS «l'ioatn') <^lt£> option ■£ 

?00. (pTrMAw'i MAX rt.irL dki-ta t«dk9 k 

1.00 <HPUl> PIP* evTBN»ION«M 

NOTr« OPTION* AP« : 1-COPB PT DCSI9Nt £-fP«CXP'tC0 PK*X'3IN 

TvAP IN ANY OP POLCOWINfll t PCOPB <M> VA«F (Cm'* VNPT PtKTA NPIPB . . #TOP 

npipb«£10 stop 

£10 <WPIPK> NO. OP HBAT PtPB# 

BKTA MC l^CC ACPA PKAM.J VMIN DXMIN COP4AP BNP»»AP 

0 . 100 0.006 0 . 0.600 1.500 0 . 050 0 . 030 0 . 015 0.005 

TVPCJ STOP* 0» NBW CONSTANTS IK. UC*0. PKA4y’*>«£. BTC ...STOP 

• 'C*0. 005 STOP 

SLP INDBK » 3 

MN*- = 0. 1 00 0.£00 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

PC = 0.£99 0. 3£6 0.363 0.4t£ 0.475 0.562 0.694 0.961 1.754 ♦. 

PCH = 0. 0.632 0.442 0.360 0.311 0.273 0.253 0.234 0.219 0.207 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TVP* <50 OP STAPT UMCP ♦♦♦♦♦♦♦♦♦♦♦♦ 

•50 

*bta “0. 1000 ■>0.3566 •-'P “0.6434 

PSACTIVITV CMAN*?BS» PBCTA K 

s 0. 031 33 BYP ■ 0.01274 saps * 0. 02000 total 

PUBL. CC6TMSNT I'OLUMr PPACTIONT 

CLAPDIN*? PUBL PC'STON MEAT PIPB WALL+WICK ly<APOP 

0. 0.7135 0.2315 0.1126 0.1639 

HFXA'UaNAL COPMBP COPPfTCTION PAtCTOP =1.0325 
fJUMEPW OP HEAT PtPBS = 92.2393 

MINIM'JM PRACTICAL <'OR SPBC I P I EP> NUMEPR DP HCAT PIPES “ 210 


pv “0.1000 PC 


“0.3393 
0. 06412 


TBMPFRATURB rUMMARY » DF>i;Ree E'CL'/IN 

MAx'IMMM PiJPL PPLTA T = 37.8 

A<‘.-5 OPLTA T ACCROS5 MEAT PIPE HAl_l = 10.8 

A<-'eRAi?F PMPL TeMPEPATURE =1465. 1 
MAXIMUM PUPL TEMPERATURE =1529.0 
BURN PRACTiON c u235 =0. 0523 

PISSIOrl DENSITY < P I ss ion.j/cmppS) “ 5.643b+20 

FUEL SHELL INA* UOLUME *; = 0. 


REACTOR PI MENS IONS. METERS 


PUEL ELEMENT PIMSNSIONS> MM 


0. 3393 CORE DIAMETER 
0.3393 CORE MEIAWT 
0.6193 REACTOR DIAMETER 
0.5993 reactor HEt<5WT 
O.tOOfi REPLB<rTDR THICKNESS 
1.0000 PIPE LEN.STH OUTSIDE REACTOR 
1.494 5 total meat PIPE LEN.5TH 
1.599 3 QI'-ERALL RSACTOR+MEAT PIPE LEN-“TM 


25.52 
c‘€* . 3 0 
26.30 
14.22 
11.01 
95.26 


MI PTH A'CCROSS HE Y FLATS 
EPUIU. FUEL ELEMENT PI A 
EOUIV. FUEL REGION O. P. 
HEAT PIPE O.P. 

•/APOR DIAMETER 
'.••APOR AREA* MMPP2 


REACTOR HEI‘5HT5* KILD'SRAMS 

316.6 FUEL* u235 mass = 160.5 

34 1 . 3 REFLE CTOR 

203.5 MEAT PIPE'?* WT.-^UNIT lENETH tKiSYlO “ 136.03 
35. 0 CONTROL SV? rEM <A- 5 ?IJME CONSTANT = 33 K.5> 
62*. 6. -SUPPORT STRUCTURE ‘i'?'; OF REACTOR WT > 


9*^*6 . 


TOTAL REACTOR HPAT PIPES 


611. 37 mW' MP»5* A<-'<5 POWR IN P<JELS»ACE 9.55 KW* POWER PER HEAT PIPE 
99.93 MHYMPP2* HTP I PE Av'IAU MT PLU Y 0.707 MW ''M ♦♦i’ * HTP I PE RAP HTFLV 


to 


.■Sin nm rrnF> 


ORIGINAL !i» 
OF POOR QUALITY 


NO. 

►^«4, FTO^ 




Tvt^K NRM IN»»*.tT: mm»l , KMf**«S 


*TO<» 


4 , n II ii 

14 -f.. 

t.mi 

1 0 . 11 
?rm. 

i . 00 

MOTS* 

TYR-ff 


Cp»p) ftRACTaP* 

(TMR'1 HeAT RIAB TEMA*Oe*» K 
(TIME) L IFETIMP* PAY? 

»FLP') COAB L.-'P AATia 
tPAVL> A IAL. MT FL UY • K W ■•'•rMS 
«.'PTFMA.-‘> MA'f FUEL P6UTA T*DE«jf K 
<HFl 1 > riff FVTFNSTaN»M 

OFT I ON? APF : 1-COPF FT PK'JI'SN* c‘— FFFCIFIFP 


^KcoF«> <■! • 2 Y'i,iir*uo 2 > coac «MQ<jiO'ja,? 

<KAFF> •‘CO) WCFCFCTOA b-BCO 

YkMF) *T1 «£f , '«m’> hkat fifb *sMa 

<’K*^AFaR > < 1 « £.Yi_ I . , (#, * I'AFOIF «na 

tlOFTN) ^l»2> OFTIOM ■£ 


IN 


NFTFF»i;‘r>'b 


0 . 


1=1 H OP* 

STOP 

TWTA 

0. 1 on 

TVPFS STOFt 
^'TOF 

TMD«V s: 

= 0,1 00 
= 0.£9=^ 

= 0 . 


FaLLDuiH »5 : vcamm<M i/nft 


DC^roN 
F#E 7 |^ NPTlirC 


. fTOF 


VC VCD 

004 0. 


NO, OF HEiJ^T FIFE# 

FLF(^ FKAfiS tMXM 

O.I&OO 1.500 0.050 


OF rjriJ CON5TFHT# IE. VC»0. FKFViJi 


DXMXN 

0. 0:50 

c*. ETC I 


COFI^FF 

0. 015 

. . ETOF 


3 

0.200 
0 . 

0. S90 




ELD 
l/*MF 
DC 
DCM 

F ♦ ♦ F 

•90 

^mxA = 0 . I 000 ».^MF 

REFCT I *•* t TV CHi=»N*5FS « 

s 0. 04777 

FMFL FL. GHENT VOLUMG 
CLi*=>DDINt9 FUGL- 


0. 500 
0 . 5 »r .5 
0 . 6 c ‘4 


0 .400 
0.412 
0.508 

TVFG »50 


0.500 
0.475 
0 . 4 59 


0.800 0.700 O.SOO 
0.582 0.694 0.961 
0.592 0. 558 0.351 


GND9FF 

0.005 


000 


0.900 1 
1.754 F. 

0. 310 0.292 

OP» ET»s^»r avc» ♦♦♦♦♦♦♦♦♦♦♦ 


i/F “0.5280 


bO.4720 

DGUTF ht 

frvF = 0.01274 effe = 
prFi*iCTiaN=: 

FGGIDN WG«T FIFE 


DX * 0.1000 
0 . 02000 TQTi^L 


DC *0.4554 
» 0.08051 


ilAUL’^W XC>-' V»S|Faff 

0. 0.5890 0.4110 0.1644 0.2466 

HFV|B|.:;aN»Si!. CO»HFf» COPFFCTTD^^ FtS^CTOF *1.1840 
MMMprP OF HFi=VT s=^IFG5 * 1 15.0254 

MtNTMUM p>P9fkrrrcm. (af» specified^ N«.tM??EP qf heis^t fifes = 266 


TCN»FPAT»JRF tUMMPP V « DF'^PEE ►"ELVIN 

MAv^IMUM FI.IEU DEL TP T * 86.5 

P' *'9 DELTP T PCCPOSS MEPT PIPE NPt.U * 14.6 

FUEL TFMFEPPTUPE *1468.4 
MpNTXMMr* FUEL TEMPEPPTUPE *1535.5 
ffijpN pppcTiON C1F u255 *0.0796 

FtsjTDu density < f I ss I ons •‘'cmff 5 > = 8.598f4»20 

FUEL 5UELL T N*^ ^ * 'OL UME ^ = 0 . 


PFP»"TOP D tMEN rlONS* METEPS 


FUEL ELEMENT D I MENS I ON 5 » MM 


0,45*v4 
0.4554 
0.6854 
0 , 6654 
0 . 10 0 0 
1 . 0 0 0 
1.5604 
1.6654 


»rn*E DIPMETEP 
COPF MF I»9HT 
PFPCTOP DIPMETEP 
PIT AC TOP MF I tSM T 
PFFLECTOP THICKNESS 


26.54 

27.87 

27.87 

17.87 
15.84 


FIFE LENGTH OUTSIDE PEPCTQP 150.41 

TOTPL MFP PIPE LEN»?TH 

Ol’EPPLL PfePCTOP+MEPT FIFE LEN'STH 


WIDTH PCCPOSS HEV FLPTS 
EtPUlV. FUEL ELEMENT DIP 
EPUTi.^. FUEL PGOiiaN O. D. 
MEPT FIFE O.D. 

VPFOP DXPMETEP 
VPFOP PPEP« MMFF2 


PEPCTOP WEIGHT r 

416 

442 

424 

*1 ^ 

92 


KXLOGPPMS 

0 FUEL* u255 MASS * 210.9 

PFFLECTOP 

5 HFPT PIPES* WT’UNXT LENGTH *:kgym? = 272.05 

0 CONTPOL SVSTPM *Lpi;SUMe CONSTPNT * 55 KG> 

1 SURPftPT STPUCTUPE <7\ OF PEPCTOP WT> 


1407.5 TOTPL PEPCTOP -► HEPT PIPES 

91.91 MW-^MPFS* P« FOiiP IN FUELSFPCC 15.04 KW*FOWBP PEP HEPT FIFE 
•?»2. MH MTFXFE pvt PL WT F^LUV 0.760 MW v MF F2 * HTF X PE PPD HTFLX 




T YFF GO OP «TOF 


ORIGINAL PAGE IS 
OF POOR QUALITY 


•sa 


►wor wo. 9 Tv^« NKw Kw^«i2 . . . sro^ 

F»i»0.2 TW^»li!jOO. Ki^iSiP'OI**! #TO^ 

rt.^rin <>»'> »*ow«»»mh ^kcowk^ <’1 •2''vc»uo2'' co»»ic »mo'^0'jo2 

< TH^ > HCAT P-r»»» K <' 1 « S-^>C* »CO> **«^L.«CTOi* "IKO 

?'?.*5ri. iiTiMe) L i^rTiM«» oisv-y <’Kwr> t'l w«i»t »mo 

l.nri Cfud> cop» watid 1 1 » x » «*■> "Li 

111.11 'OiStVUl WT rL»J«'» KW^'CM* <rO^TM) <’1*2> Df»TtON «2 

£l1'l. (DTroA^r ) MA;<^ ruCU DELTA T > D«<> K 

1.011 <fwALl) A TAB BVTBN?TON«M 

MOTF* OATICIM? AAB * l-COOB AT DB»I*3N* 2-TABCIAIBD DKBI9N 
TYAF TM AMY OA AOLLOMtW'3 S DCOAB<M> VABACm) VNAT ADCTA NAXAB . . STOA 
MAIAB=S4 STOA 

S4 <'WAIAB> NO. DA MB AT AX ABB 

DBTA t^C ALFA AKAMfl DMtN DXMXN COA9AA CND9AA 

O.lOO 0.004 0. 0.600 1.500 0.050 0.030 0.015 0. 005 

type: FTDA» OA HBW CONSTANTB XB. *^C»0. AKA»,>t3*2. BTC ...BTOA 

•••c= 0.012 STOA 

5L0 INDEX » 3 


t.*MP = O.lOO 0.200 

0. 300 

0.400 

0.500 

0.600 0.700 

0. 

300 

0.900 

1 . 

000 

DC = 0.299 0.326 

0. 3b 3 

0.412 

0.475 

0.5»r*c! 0*b34 

0. 

961 

1.754 

♦. 


OCH = 0. 0.207 

0. 142 

0. 115 

0. 039 

0.033 O.O'Sl 

0. 

074 

0. 070 

0. 

066 

♦ *♦♦♦♦♦♦♦♦ 

♦ ♦ 

TY*E 'SO 

OP STAPT QI^BP ♦ i 

► 4 

■ ♦ i 


* ♦ 

♦ ♦ ♦ 


•30 

i-ffTA =0. 1000 MNA =0.1501 MA =0.3439 dx =0. 1000 D*r *0.3115 

ABA*tTTt.'ITY CWAM*5BB* DELTA K 

e;man » 0.00464 BXA = 0.01456 baae = 0. OSOOO total * 0.03920 

At.lAI. AC ament • •oi UMB ABA«rTtON 5 

CLADDtM'3 AI.IBL RB'SION HBAT AIA6 liALL+WXCK ».’AAOA 

0. 0.9S53 0.0442 0.0177 0.0265 

HExA'^nNAU COAMBA •rOAABtrTtON AA*rTDA =1.0020 
Nl.lMFSA HA H6AT A TABS » 31.5336 

MTMTMi.tM AAA.rTt*rAL <OA sAB'riAIED!' W.IMBBA OA HEAT AIAES * 34 

TFMAeAATlIAA 5MMMA A Y * DE'^ASE KELI-’IN 
MAvTMijm AMAU DELTA T = 75.2 

A< ••? DFLTA T AiTCAO?» NBAT AIAE HALL = 3.4 

AI.'EAA»^E AUEL TEMAEAATIJAA =1628.4 
MAXIMUM A'.IEL TEM=BAATMAB =1630.3 
fri.iPM paaction ha tj235 =0. 0077 

Alr-ION DENSITY < A I SS t ON ? ' 'TMAAB > = 3.345 e+ 19 
AUEL SHELL IN>5» i. OU*JME 7; = 0. 

AEA'TTnA n I MENTIONS* METE A 5 AUEL ELEMENT DIMENSION'S* MM 

0.3115 'rOAE DIAMETEA 32.18 WIDTH ACCP05S HEX FLATS 

0.3115 •roA= HAiiSHT 33.79 ecjh-". fusi_ element dia 

0.5415 AAA.-TOA DIAMETEA 35.79 EPUtU. FUEL PENSION O.D. 

0.5215 p|srp.7TOA HEIiSHT 7.11 HEAT PIAE O.D. 

O.lfiftll PEA'. A-TOP THIC»xNE'SS 5.51 l/AAOP DIAMETEA 

l.llOOn PIPE LFN>5TH OUTSIDE PEACTOA 23.30 •■'APaP APEA* MM'*-»2 

1.4165 TDTAU heat pipe LBN'STH 
1.5215 0».*EPALL PEAirTOA-»-HEAT PIPE LFN'STH 

PEA*rTOP WEI»5HTS* KII_0»SPAMS 

214.5 FUEL* u235 MAS'S = 103.7 

240.2 oEALE-rTOP 

19.5 HEAT PIPES* V-JT'UNIT LEN-3TH <ViSYm.> = 13.€<0 

5 3. 0 'rONTPOL '“YSTEM ''A S'SiJi^lE •rONSTANf = S3 K'5> 

55.5 'SUPPOPT 'STPtj>rT'j«s •■7’i of aeactoa wt> 


542.2 total PEACTOA + heat P'tPE'S 

3. 9-^ MW.'M»p3. AI.-.3 AOWA IN AIJSL'SPACE 2. 53: KW*POWEP PEP HEAT PIPE 

1 rill. fl4 • HTP I PE AXIAL HT FLUX 0.442 MW ' , mTP I PE PAD HTAUX 



Ti'PE -SO 0= “TOP 


«a 

MO. 10 

•►•■0.4 rro^ 


9-1S-78 


TY^» N«W XMP’MTl P’P*!. KM^ 


PWGWAL PAG ' • • 

«»R gfa 

»S ... »TOI* 


<KCOwc'* f I « 2 ''•JC » '.'o2 > 
•'1 * c* 'ec< tca> 

<KM^> (' 1 » 2* ■*: 'Mf>» Ma« M) 
< t • c*.''u I » N<i» ) 
•i'lO^TN) Cite') 


OPTION 


0.400 (’»■»'> wrAi'TOi* ^nulr^*^n•l 
ll^OO. <TM^> MEAT AIAir TeMA*t>f*S K 
•il^^iO. <TtMir^ i.jmPTXMt* X>*Y * 

1.00 • TLt*> COP» PATIO 

10. 0 tOAVL") AVIAL NT PL'JY » KW ^ChS 
£00. ('dTFMAx'> max- PIJKL. PECTA T>PC9 K 
1.00 tMPl.l') PIPE E-XTEN“ION*M 

MDTF» OPTIONS APE » 1 “COPE PT PE*ION» 2“SPECXPIEP PESX9N 

TYPE IN ANY OP POLCOWXN'J! S PC0PE<M‘) VP«P<m) I ’MPT PPETA NPXPE 

npipb=84 stop 

PETA 

0 . 1 00 

type: -stop* 

STOP 

IMPEV s 
* 0.100 
» 0.2 ?9 
= 0 . 

♦ ♦ ♦ 


COPE "Mo^Oun? 
PEPLECTOP PPEO 
HEAT PIPE *MO 


■ex 


STOP 


84 <npxpe'> 

»/C 

O.OtS 0. 


NO. H«i^T Ft PCS 

PLPP f(HIN 

0.600 1.*5Cm:i 0.050 


DV^tI^4 COFi?PP 

0.080 0.015 


CNDi'^PP 

0. 005 


OF MCW CONSTANTS IC. PKp*-»»?*£. CTC 


. STOP 


SLD 

•y*MP 

r*c 

DCH 

♦ ♦ 




3 

o.c*no 
0. 336 
0. ?‘=»3 


0.300 0,400 
0.3^3 0.413 
fi.201 0.183 

♦ ♦ TYPC »50 


0.500 n.800 0.700 0.300 0.900 1.000 
0.475 0.583 0.894 0.981 1,754 ♦. 

0. 140 0. 135 0. 114 0.105 0.093 0.095 

OF 5TFFT 0(*CF 


>70 

BCTF =0. 1 000 <*NF a 

FCPr T X ly* X T Y CMFM*5P-5 • 

VtfJffN a 0, 00331 

FMCL CLFMCNT i.*OUUMC 
*rLFnriN»5 fufl 

0 . 


5 0.1343 iy»p *0.3153 

PCLTP K 

CNJP * 0.01458 s 

FFPCTtON? 

FC»5TON HCFT FIPC 


Vi^ *0. 1 000 

0. 03000 TOTFC, 


DC 


a0.3314 
0. 04357 


0.9187 0.03 53 

HC^s"p.3;CT^4PL COFNFP rOFFrCTIDM PFCTOF =1.0070 
NijrtFFF OF HFPT PtPJ!LS * 48.5570 

MINIMUM FFPCTTCi=!rL \OF JPCC X F I CD' 


WFiUU+WXCK 

0. 053 5 


fAPOW 

0. 0500 


NUMFEF HP PIPES * 


84 


TeMPFFATUFE =r».»MM^O v » DC»7FgE KELUIN 

MiSis'IMMM FUFL- DCLTF T = 110.3 
isiufs r*eur^ t isiccross wept pipe ni=%ll * 8.5 

•s»*‘*EFiS»»^F FUEL TEMPFFATURE =1845,5 
Mf=k>!*IMilM FUEL TEMPCFi=»TURE =1730.7 
S*JFN FPiKMTTiaN nF u355 =0.0147 

Fr?“iaM nENjrrv- ♦:FTS5Tar4s>‘*CM^^5> * 1.53 '^t**30 
FUEL rWELLTNG4t.‘nLUMC ^ = 0. 


priatCTOR D T MEN =: I HN S • MCTER’S: 


0.'=5314 Ca = = DIRMETCF 3 5.19 

0.5314 CORF WEIt5NT 54.35 

0.5514 PEFCTOR DIFMETEF 34.35 

0.5 314 PCPCTrjR kex»3wt , 10.08 

O.IOOO FEFLECTOR TWICkNC*?-: 7.79 

t.OOOO PIPE LCNtSTW OUTSIDE FEfS^CTQR 47.68 
1.4384 TOTFiL MEiS^T pipe LENiSTH 
1.5314 QI’FRALL PCFCTDR-»‘WeAT pipe LENI5TH 


FMEL ‘LEMENT D I MEN'S X ONS MM 


WIDTH ACCPOSS HEX FLATS 
EOUXU. FUEL ELEMENT DIP 
EPUXU. FUEL PEiJlON Q.D. 
HEAT PIPE Q.D. 
i.'APOP DIAMETER 

AREA* MM^fS 


PEAFTOR WEIiaHTS* kILO»5FAMS 

335.8 FUEL 4 u3 35 mass = 114.4 

351-9 REFLECTOR 

33. S HEAT PIPES4 UT'^'LINIT LEN'?TH = 37.33 

33. 0 CONTROL SYSTEM < ASSUME CONSTANT = 33 K»5> 
33.5 SUPPORT STRUCTURE <7\ OF REACTOR WT> 

537.9 total reactor + heat pipes 


18.94 MUYmFpB* A» >*»5 P0»4R in FUELSPACE 
3'^,*^.-* Mt4XHPP3 4 MTP TPE AVTAL HT FLU-^ 


4.78 KW4 POWER PER heat PIPE 
0.805 MW ' mpp3i»htpipe rad htflx 


90 
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TVP'« N»W KH^aS 


. f TO^ 


0. 701*i ^owBPtMw <Kco»»€' < 1 f 2 ''uc « uog") co^K *Ma»0uo2 

li&OO. M*#%T ^IPie T«M^»Dff9 K <^mKW) ^1 •2-^VC* »CO> ^CFueCTOW a»za 

CTP'rTIMr» t»*YJ <KWI»^ ^l«2f 3''Nt»MO»M') MEAT t*'J0’K aMO 

1.00 « .*urt') ca»» l/'o watio < 1 » 2.''c i » «i.i 

10.0 «^naVL.> lavirtL WT ZLUrf* Kk-J 'CM2 <ia»»TN> <1*2> OPTION ag 

200. xpTPMav) M0iff puec delta t*oz9 k 

1.00 ' MaLn PIPE EXTENJIDN* M 

NOTE* OPTIONF Aap t 1-CODE PT DCZ1<IN» 2-EPECIPICD DES19N 
TYPE IN ANY OP POLI.OUIN9 » DCQAE <«■> VAEP*^M> l/NPT P»BTA NPIPB ..STOP 

npipc=120 stop 

120 ^NPTPE> NO. OP HEAT PIPES 

SETA t/C VCD ALPA PkAV® EMIN DKMIN COASAP END9AP 

0. 100 0.012 0. 0.600 1.500 0.050 0. OSO 0.015 0.005 

TYPE* STOP* OP NEW CONSTANTS IE. VC«0. PKAVi»a2, gjc ...STOP 
vc=0. 009 STOP 
SLD INDE-y a 3 

1, N*r S 0. 1 00 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 

DC = 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

PCH = 0. 0. 380 0.263 0.214 0.184 0.165 0.150 0.139 0. 130 0. 122 

♦♦♦♦♦♦♦♦♦♦♦♦ TYPE 9a DA STAAT OVEA ♦♦♦♦♦♦♦♦♦♦♦♦ 

90 

beta =0.1000 VNP aO.2264 vp *0.7736 DX *0.1000 DC *0.3348 

AEACTI'^ITY CHANGES* DELTA K 

B'jan «s 0.01435 EXP a 0.01456 sape * 0. 02000 total * 0.04891 

FUEL ELEMENT '/OS-L'ME PPACTIONS 

CL ADDIN® PUEL AB9ION MEAT PIPE WALL+WICK VAPOA 

0. 0.8665 0.1:335 0.0534 0.0801 

Mq^!'A•30NAL COANEP COPPSCTION PACTOA *1.0180 
mumeep op meat Pir-ES = 61.1476 

MINIMUM PPACTICAL 'OP SPECIPIED!) NUMPEP OP HEAT PIPES = 120 

TEMPEPATMPE SUMMAPY * DE'SPEE kPLi'lN 
MAXIMUM PUPL DELTA T = 101.9 

Ai/>? DELTA T ACCPOSS HEAT PIPE HALL * 7.7 

A‘*EPA>3B PMi=L TEMPEPATLIPS =1641.7 
maximum puel tbmpepatupe =1713.4 
blipn PPACTIO'I OP u2 35 *0. 02'39 

pis“iDN density- -vPis-sioN-s -' cmppS') * 2.584^+20 

PUEL TWPLLIN.5* ' •OLUME = 0. 


p^actop dimensions* meteps 


PtJEL ELEMENT DIMENSIONS* MM 


0.3548 cc»* DIAMBTEP 29.00 

0.3548 CCPE HPI9HT 30.44 

0.56-i8 PPACTOP DIAMBTEP 30.44 

0.544S PE ACTHP MEI.3HT . 11.12 

O.IOOO PSPLECTOP THtC‘<'NES-S 8.62 

l.Ol'lOO PIPE UEN9TM OUT-SIDE PEACTOP 53.:31 
1.4398 total heat pipe length 
1.5448 ouepall peactop+heat pipe lensth 


WIDTH ACCPO-SS HEX PLATS 
BCJUIV. PUEL ELEMENT DIA 
EOUIV. PUEL PE®ION O. D. 
HEAT PIPE O.D. 

VAPOP DIAMETEP 
VAPOP APEA* MMPA2 


PEACTOP iJEI'SHT-r. KTLOSPAMr 

242. 5 PUEL* u235 ma-ss = 122.9 

268.5 PEPLECTOP 

68.5 HEAT PIPE-S* WTYijNIT LEN.3TM <k®'^M') = 47.58 

35.0 CONTPOL SYSTEM ^ASSUME CONSTANT = 33 K.5> 
42.9 SUPPQPT 5TPUCTUPE •■ 7 \ OP PEACTOP WT> 


total PEACTOP + HEAT PIPES 


27.62 m»jym»p 3* A'.-p powp in puelspace 5.83 kw*powsp pep heat pipe 
100.05 MTEIPE A'lAL WT PLU 0.644 MW-^M*P2* HTPIPE PAD HTPLX 


at 


s:TnP’ 


•fO 

I . non 
l^.on. 
' 3 -j'^n. 

t. on 

in. 0 

son. 

1 . 00 
Norr* 
rv^m 


• I <* m S.M..4 ... 

NO. I? 
STOI* 


5 - 1 S -?!3 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

TV»I! N«W INP'OTI , kh»«£ 


OF POOR QUALITY 

. . . rrn» 


i'lB'P'* PVKACTOW P’OU*»»MM 
irTM»> M«<%T TrMP»D *>3 K 

I'TXMf') L rrirTIMlPt P*> T 

f JLt') CO»e c/p IPAT'.'O 
« 1*1 w: I HT 

• PTP'MPiV ) Mi«iX rt.l*L PKUTiP T» D«® 

•TmplI) Pt^r (EVTrNsiDNtM 

OPTIQNf: f^*»p : 1-COPe PT oesifN* ?— JPKCXPIKD DS?X>1N 

IN PNV OP POL-LOWIN'T * PCOWe^M) vp*p <"m> »'NPT PSCTP NPXPJT 


<KCO»« > <■ 1 ♦ 2 ''•jc • uo 2 ^ 

<'kprp> ( 1 < 2 ^pc*»ko> 

<KWP> ^ 1 * 3* 3'^Nt* MO* m) 
(KMi^POP) < 1 » £ •'L X » N«%> 
<XOPTN> <l»2> 


COP* PMO^Ouoi 

p*Pc«CTOP «*eo 

M*AT PXPK PMO 
••'PPOP »U X 

OPT X ON *3 


. STOP 


npip*»IiS£ stop 

163 <NPIPK> NO. OP 
E*Ti^ lyC t'CD PtUPP 

n.lOO 0.00!5 0. O.lijOO 


M«PT PTPKS 

PKP»/<3 BMXN 

1.500 0.050 


DXMXN COP<9AP 

0. 080 0.015 


CND<?AP 

0. 005 


TVP*: STOP* DP NEW CONSTPNTI 

•^•r=0.006 STOP 


I*. »/C*0. PKP'^*»»«£. etc 


, stop 


J’L-D 

INDEX » 

= 0.1 00 

3 

0.300 

0. 300 

0.400 

0.500 

0.600 

0.700 

0.800 

0.900 

1. 

000 

!>•- 

= 0.399 

0 . 336 

0.363 

0.413 

0.475 

0.563 

0.694 

0.961 

1.754 

♦. 


OCW 

= 0. 

0.449 

0.313 

0.355 

0.330 

0. 197 

0. 179 

0. 166 

0. 155 

0. 

146 


♦ ♦ ♦ ♦ ♦ TYPE so op STAPT OVEP ♦♦♦♦♦♦♦♦♦♦♦♦ 


VF *0.7370 


* 0. 1 000 

0. 03000 


♦ ♦♦♦♦♦ 

so 

BETA *n.l0n0 •y’NP *0.3630 

P*ACTtl.’l TV CWPNSES* PELTP K 

euPN * 0. 01915 *w*» = 0. 01456 s^tP* = 

P'JPL euBMENT •/OLUMB FPPCTIONS 

CLftPDINS P'JEL PESION HE«T PIPS WPCJ.+WICK 

0. 0.8338 0. 1763 0.0705 

HB>.'P'?ONAL CDPNEP COPPECTXDN FACTOP =1.0315 
MUM PEP OF HBPT PIPES = 71.3319 

MINIMUM PPPCTICPU <’OP SPECIFieO NUMBEP DP WEPT PIPES = 163 


DC *0.3483 
TOTPC * 0. 05371 


•/•PPOP 

0. 1 057 


TBMPePPTUPB SUMMi^PYn DESPEB KELVIN 
M(=l^rIN^JM FUEL tiEUTP T = 87.9 

DEL TP T PCCPOSS KEPT PIPE WPlU = 7.8 

pt/EPPP* FUEL TEMPEPPTUPE =1637. 1 
MP^IMUM FUEL TEMPEPPTUPE =1699.7 
PUPN FPPCTioN OF u335 =0.0319 

FISSION DENSITY <F I SS ION-: •■'CNPP3') = 3.447e+30 

FUEL SWELL IN>5« L-OLUME ’J = 0. 


PEPCTOP DIMENSIONS* METE»S 


FUEL ELEMENT DIMENStONS* MM 


0.3483 COPE DXPMETEP 55.97 
0.3483 COPE HE I SWT 37.37 
0.5783 PEPCTOP DIPMETEP 37.37 
0.558? PEPCTOP WEISWT 11.45 
o.iono PEPLBCTOP THICKNESS * 8.87 
1.0000 PIPE LBNSTW OUTSIDE PEPCTOP 61.74 
1.4533 TDTPL WEPT PIPE LENSTW 

OVEPPLL PEPCTOPThEPiT PIPE LENSTW 


WIDTH WCCPOSS WE:s< FLATS 
EDUIV. FUEL ELEMENT DIA 
EPUIV. FUEL PESION O. D. 
HEAT PIPE O.D. 

VAPOP DIAMBTEP 

VAPaP puPfAy MMPP 3 


PEACTOP WE I SWTS* KILDSPAMS 

359.4 FUEL* u335 mass = 


385.5 
98. 8 
33. 0 
47.4 


131.5 

PEFLBCTOP 

HEAT PIPES* WT.^UNIT LENSTW <'kS''m'> = 68.03 

CONTPOL SYSTEM <ASSUM£ CONSTANT = 33 KS^ 
SUPPDPT STPUCTUPC < 7 '-. OP PEACTOP WT> 


’34. 1 total PEACTOP heat pipes 


36.84 mw-^mpp 3* Avs powp in fuelspace 

'^9.98 MW.'-’MPP?* HTPtPE A> IAL WT FLUX 


6.17 KW*POWEP PEP HEAT PIPE 

>.637 mw-'mpp 3 »mtpipe pad wtpcx 


20 


nm :rxn«> 
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t.650 MACTon t^owKnoMW 

loCtO, <TMP> HKI%T ^tl»* K 

3690. tTIMKJ l_IFCTXMS»DAYf 

1.00 ^.3i.zt> ca7>K uy'v ratio 

10.0 AXIAL. MT RLUX»KW/'CM2 

200. (nTRMAX? MAX FUKi. DELTA TfDB9 K 

1.00 'MALO AIAB extbnbion»m 

MOTE* aATtONB AAZ I l~COSB AT DBSX«M» S-«ABCZFXBS 
TYAB IN ANY OF FOLLOMINO * ©CORE <M> XRBF<M> VNFT 

naiae»162 ®tof 

162 <NFIFEJ> NO. OF HEAT AIRES 
EETA L'C */CV ALFA AKAt'9 SHIN DXMIN COR9AF 

0. 100 0. 0.050 0.600 1.500 0.050 0.080 0.015 


<KcoRE> <l»2x‘uc>uo2> CORE ■Ho60ua2 
<KREF> <1»2/'»E>SE0> reflector aSEU 
<KHA> <l»2»3x'NS»Ma»M> HEAT FIFE *HO 
<K*>AFOR> <’1>2xlZ»NA> UAFOR "LI 

t'lOFTN> <1»2> OFTXON *2 


OESt«N 

FSETA NFZFE . . STOF 


ENDifAF 

0. 005 


TYAE: STOFf OR NEW CONJTTANTS IE. »XC*0. AKAVff»2. ETC . . . STOF 

I.KTA»0. 1 i^C»0. 006 l/CD*0. STOF 
5LO INDEX * 3 

t'NF = 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 

DC = 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 f. 

Dcw = 0. ^.577 0.402 0.327 0.283 0.252 0.230 0.213 0.199 0.133 

♦ ♦♦♦♦♦♦♦♦♦♦A TYAE iJO OR RESTART FAAFFFFFFFAA 


GO... AT DESIGN FOR ARES LAYTON AND HARAER 

BETA *0. 1000 VNF *0.3286 i/F *0.6714 dx *0.1000 »c *0.3759 

REACT tv I rv CHANGES > DELTA K 

BURN » 0.02756 EXF ■ 0.01456 safe « 0.02000 total * 0.06212 

FUEL ELEMENT VOLUME FRACTIONS 

CLADDING FUEL REGION HEAT AIAE WALL+WXCK VAFOR 

0. 0.7505 0.2495 0.0998 0.1497 

HSXA.53NAt. CORNER CORRECTION FACTOR =1.0642 
NUMBER DF HEAT FIFES * 36.1780 

MINIMUM PRACTICAL <DP SPECIFIED) NUMBtlR OF HEAT FIFES = 162 


TEMPERATURE SUMMARY » DEGREE KELVIN 
MAXIMUM FUEL DELTA T = 106.4 

A'‘G DELTA T ACCROSS HEAT RIFE WALL = 12.0 

AVERAGE FUEL TEMFERATURE =1647.4 
maximum fuel temfefature *1724.3 
BURN FRACTION OF u235 *0. 0459 

i-rssiON DENSITY *■> I ss IONS ■ cmtr3> » 4.963et20 
*UEL SWELL ING» VOLUME * 0 . 43 X 3 S. I . Z. 1 


REACTOR DIMENSIONS!* METERS 


FUEL ELEMENT DIMENSIONS* HM 


0.3759 
0 . 3759 
0.6059 
0. 5359 

0 . 1 0 M 0 

1 . 0 0 0 0 
1 . 48 i:i9 
1 . 5359 


CORE DIAMETER 
COFPS HSI*3WT 

REi^crn.^ HerijHT 

=»EFUECTnP THICKNESS 


28. 04 
29.44 
29.44 
14.71 
11.39 


PIRF LENGTH OUTSIDE REACTOR 101.90 

TOTAL HEAT PIPE LENGTH 

OVERALL REACTOR THE AT RIFE LENGTH 


WIDTH ACCFOSS HEX FLATS 
EOUIV. FUEL ELEMENT DIA 
SOUIV. FUEL REGION O.D. 
HEAT FIFE O.D. 

VAFOR DIAMETER 
VAROR AREA* MMFR2 


REACTOR WEIGHTS* KILOGRAMS 

£97.3 FUEL* u£35 mass = 150.3 

322.4 REFLECTOR 

166.2 HEAT PIPES* WTXUNIT LENGTH CKGXm) * 112.25 
33. 0 CONTROL SYSTEM 1 ASSUME CONSTANT = 33 KG> 
57.3 SUFRORT STRUCTURE <7*; OF REACTOR WT> 


TOTAL REACTOR +• HEAT FIRES 


i 


ao 


53.04 MWXm*t3* AVG PDWR IN FUBLSPACE 10.19 KW*ROWER REF HEAT FIFE 
99.96 mwxmR* 2* MTPiPE Axi,s,i_ ht flux 0.757 mwxm*r2*htfire rad htflx 

»♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


T -.^oe? rtirt i-i 


crKjn 


pi»o$ NO. 3 &-£~73 rypm ncm tN»urt kh****^ ..tSTO^ 

STOP 

1.690 mmmcra:^ ^aumm^Mu <Hcofm> (ItS/uouaS) cone ■mdoOudS 

1600. <THP> HSAT ^ti»K TKMP»>DK« K <’Kr»KP>> < 1 • S^^BK » 1K0> WBPUKeTO^ 

3650. <TXMK) UIFCT tMK> 0AV2 <KH^> < I » 2» 3.^N» » MO» w) H«AT "MO 

1.00 <su»> eamg l^d m^rxa <Ki^mr^am> < 1 » S/'u x » n^> ■ux 

10.0 <C?I%XU) AXXAL MT rLUX»KW/CM2 '^XO^TW) < I f 2> O^TXON *2 

200. <DT^M#»X> MAX FUBL DBLTA T«DBiV K 

1.00 <HFCl> r-XFB BXTBWSXON»M 

NOTB* OFTXONS AFB < 1 -COOB FT DBSX9N* 2-BFBCXFXBO DBBX9N 

TYFB XH ANY OF FOt.l.aMXNa * DCOFB <M> XFBF <M> l^NFT FBBTA NFXFB ..BTOF 
MFXFB*21 0. N. V ITOF 

210 <NFXFB> NO. OF HBAT FXFB# 

•BTF i>C l^CI> AL.FA FKA^/9 BHXN OXMXN CQFiVFF BND9AF 

0. 100 0.006 0. 0.600 1.500 0.050 0. 030 0.015 0. 005 

TYFB: fTOFi» OF NSM CONSTANTS XB. UC«0. FKAM9«2. BTC . . . STOF 

ixc»0.005 STOF 
SUZ) INDBX • 3 

./NF ■ 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

DC « 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 f. 

DCM « 0. 0.574 0.401 0.327 0.232 0.252 0.230 0.213 0.199 0.138 

* *»♦♦♦■♦♦*♦♦♦ TYFB 90 OF FBSTAFT FFFAFFFFFF^# 

•SO... FT DBSX9N FQF FFBS LAYTON AND HAFFBF» NF XFB«2 1 0 

kcta «0. 1000 t/NF *0.3280 t/F *0.6720 dx *0. 1000 DC *0.3756 

FBACTZiyiTY CHAN9ES» DBLTA K 

at 0.02760 BXF * 0.01456 safb * 0. 02000 total * 0.06216 

FtJBL ELEMENT t.'aLUMB FFACTXONS 

CLADDIN9 FUEL FB9X0N HEAT FXFE WALL+WXCK UAFOF 

0. 0.7504 0.2496 0.0998 0.1497 

HEXA'SOfJAL COFNEF COFFBCTXON FACTOF *1.0643 
f4UMEER OF HEAT FIFES * 86.2171 

MINIMUM FFACTICAL <OF SFBCXFXBD> NUMBBF OF HEAT FXFBS * 210 

TSMFSFATUFB SUMMARY » DE9FEB KELUXN 
MAXIMUM FUEL DELTA T = 82.1 

At/'S DELTA T ACCFOSS HEAT FIFE WALL * 9.2 

AUEFASE FUBL TKMFEFATUFE =1636.6 
MAXIMUM FUEL TEMFEFATUFE =1696.0 
BUFW FRACTION OF u235 *0.0460 

FISSION DENSITY '• = X SS X ons^cmff3> * 4.968B+"20 
FUBL SWELL INC.4M/OLUMB ‘4 * 0.37*3= I . ' i 

REACTOR DIMENSIONS!! METERS FUEL ELEMENT DIMENSIONS* MM 

0.3756 CORE DIAMETER 24.62 WIDTH ACCFOSS HEX FLATS 

0.3756 CORE HEIGHT 25.35 ERUZU. FUBL ELEMENT DXA 

0.6056 REACTOR DIAMETER 25.85 ERUXV. FUEL RC9XON O.D. 

0.5856 REACTOR HEX3HT 12.92 HEAT FXFE O.D. 

0.1000 REFLECTOR THICKNESS 10.00 UAFOF DIAMETER 

1.0000 FIFE LEN-3TH OUTSIDE REACTOR 73.60 VAFOR AREA* MMFF2 

, 1.4806 TO'^AL HEAT FIFE LEN3TH 

1.5356 OUEFALL REACTOF+HEAT FIFE LENGTH 

REACTOR WEIGHTS* KIL09FAHS 

297.0 FUEL* u235 mass = 150.6 

322. 1 REFLECTOR 

166.2 HEAT PIPES* WTXuNIT LEN9TH <K9XM> » 112.24 
33.0 CONTROL SYSTEM (ASSUME CONSTANT = 33 KS> 

I 57.3 SUPFOFT STRUCTURE •'.T': OF REACTOR WT> 


875.5 TOTAL REACTOR + HEAT FIFES 

53.11 MWXM«*F3> AUiS FOHF IN FUELSFACE 7.36 KW»FOWEF REF HEAT FIFE 
99.96 mwxm»f 2> HTFiFE axial ht flux 0.666 mwXmff2*htfife rad htflx 
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0 0 0 

PEAC 

Ir, 

0 0 . 

<THP> HFA 

36 

50 . 

^ T TME> 

L Xi 

t 

. 00 

JFUD> C 

OP 

1 

0, 0 

< PA ::L > 

A * 

«* 

00. 

< DTFMAV 

> 1 

1 

. 0 1 1 

• HPL 1 ') 

P XI 

NO 

TE* 

OPTION? 

Ai 

T 

*.^PE 

X N AN Y 

OF 


<KCO>*K> <"1 •2^UC«U02> COP*« ■MO'SOuoS 

(V9Sir> ^ 1 • lffO> ••rFl.KCTOI* •BWO 

»£» 3^Nt*MOf W> I »HO 

<ip£^ci “Ll 

<xa#TN> Cl*£> Oi^TxaN «S 


••rA'TTO^ 

^T^ir K 

U IFrTTMC* Di*i • r 
UP WATID 
I l*ft MT r L U ^ • H M CMi2 

FIJI5U. PELT A TtPE^JJ 
r M TEM f xa^i• M 

»E : l-COPE ^T PEffiJMt £-yP^ECIFXEP 

FnuUDWXN'? s PCOP»«<M> V^rF«M> 

HAT AE»£ 1 0 5-TOA 

£10 i.WAXAR> NO. or HEAT AIAEf 

BETA »/C ly*CP AurA AKA^*? tMXM PVHXW COA^AP END9AP 

n. 1 00 0. 006 0. 0.600 l.*500 0. 050 0. 080 0.015 0.005 

type; sTHAi OA new CaNTTANTy XE. t*C* 0 . AKAM^»S, ETC . • • STOP 
IvraO. 0 05 5T0A 


PEI X<IH 

AEETA NPIPE • • STOP 


•5U D 

» 5 








l/MF 

= n . 1 0 0 rt . ? 0 rt 

0 . 3 0 0 

n . 4 1 ’l 0 

0. 500 

0.60 0 

0.700 

0.300 

0.900 1.000 

DC 

* O.c"?'? 0. Scl'fe 

0.363 

0.4l£- 

0.475 

0.562 

0.694 

0.961 

1.754 ♦. 

t»CM 

= n, 

fi.443 

0. 360 

0.31 1 

0.276! 

0.253 

0.234 

0.219 0.207 


*♦♦♦♦♦♦ 

♦ ♦ 

TYPE *50 

5TA>*T ai‘E>* ♦ ♦ 

♦ ♦ ♦ 

♦ ♦♦♦♦♦ 


MF « 0.6434 


p>*^ «0.1000 
0.05000 TOTAL 


PC 


» 0. 3893 
0 . 06594 


♦ 

<?o 

beta 0 . 1 0 0 0 » r 4 A » 0 . 3566 

PFA*"TIty T rv CHAM*?PS« PEL TA K 

= 0, 031 38 Ew*p * 0.01456 yAAe 

AMEL ALFHENT <.*'nLUNF FPACTTONy 

CUADPTN*? FUEL PF«TON HEAT FIFE 

n. 0.71S5 0.5815 

he *A'*=5n^jAt CDPMFP rapPArTTON factop =1.0855 
MUMP^P nF MFAT FIFF=* = 95.5398 

MTNTM».»M pp,Sf»-TICAL ‘OP S'PECXFXEP> NUMEEP OF MEAT AIAES 210 


UALL-4-WXCK 

0. 1156 


VAAOP 

0. 1689 


TEris-* - p^XijPE rUMMAPy^ DF* 5 P€F KELU’TN 

MAxTMMM Ft.lFL DELTA T = 87.8 

A'"*:? PFLTA T ACCPa«y MEAT FIAE MALL = 10.8 

FMFL TEMFFPATUPF =1640.1 
IfUJM F>.“*L TEMFFPAT‘JPF =1704,0 
BMOM FPACTiDM n= m5 35 =0, 0553 

FT^rTOM PFNrTTy I ? - t OM ? ^ CM ♦♦ 3 *' = 5 . 648 e ***50 

F» «eL “MFLLINA. t/OL 'JMF \ = 0. 
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PFACTHP PIMFMr ton?* MFTFP- 


F UEL ELEMENT P I MEN 5 I aN *5 • MM 


II. :I 
0. 58*^3 
0.619? 
0. 59'^ 5 
0 . I 0 0 0 
I . 0 0 0 0 
1.4943 
1 .5 9 *=* 3 


COPE PI AMETEP 
COWF WFT'?HT 
PE AC TOP PT AMETEP 
PEACTOP MEI*slHr 
PFFLECTOP TMIC^^NES'E 
PTFF LFN'?TM OUTFIPE PEACTD* 

TOTAt HEAT PIPE LEN*?TH 

OMFWAi L PFACTOP***HFAT FIFE LEN» 5 TH 


55.55 
56 . 8 0 
56.80 

14.55 
11.01 
‘ 95 .56 


MIPTM ACCPHEE HEW PLATE 
ECWJII/. FUEL ELEMENT PXA 
Et?UXU. FUEL PCiyiON O. P. 
HEAT FXFE Q.D. 

I/AFOP D X AMETEP 
UAFQP APCA» MMF#2 


PE AC TOP MF IijHT ? • K XLa»?PAM? 

316.6 FUEL* u 555 masS = 160.5 

34 1 . 3 PFFLECTOP 

503.3 HEAT FTFE?« MT'UNXT LEN*?TH = 156.05 

33 . 0 CONTPGL Sv'FTFM *.ArFUMS= CQNyTANT = 33 K* 5 > 
65.6 JUFFOPT ?TPUCTU»E »‘ 7 *: 0 = PEACTOP MT> 


956.7 TOTAL PEACTOP MEAT FIFES 


M , 




FOMP r^J =UEL SPACE 




HH.WX WTF IFF A VIAL HT FLU ‘ 

T . P>F »50 n= r TOP 


9 . 5 c! KWfPOMEP PEP HEAT PIPE 
0 , 707 MM *MPP 5 * HTPtPE PAD WTFL 


pmaw NO. 14 ^-lS-78 r-^mm n«w in»uti ...#to» 

^•■4. TTO^ 


4 . I’l I'l fi 
I8'tii. 
34*i t'l , 

I . 0 f'l 
t n. n 

£i*in. 


PrACTOP P^OW«P»*MU 
MffAT !»TP^t TBMA*PK*» K 
( TtMr'' L irirTTMITf PA »'r 
<«UP’ CaAir L-^P WATIO 


*'KCO»r ) < t • 2^i.*c • uo2> 
i <1 *2-^tc« »so> 

» <' 1 • 2* 3-^Nt * MO* W> 

<ki.>a»oa^ <1*2/'li»na> 


■'PA>i't'» A»<lAt MT rL'.' w^'cm2 < 1 » 2'> 

<prrMAv> MA»f F'lJBL P«LTA TiPS9 *<■ 


CO«»K ■M08(iv02 

•«^i.«cTo» »iro 

MKAT ^IP’K *MO 
i/AAO* AC I 

o»-Tiow «2 


j.Oii <m»lP mxPK Ks^Trwr iOM» M 

NOTK* OATTON? AA(f « l-COPC AT DC«X«Nt 2~fAKCtAtCP PCSI4M 
T>'AC IN AN/ OA AOLL-OWIN-J I PCO»«<^M) »/MAT rt«TA MAIAK . . STOA 

NAIAff*£i5,8 fTOA 

<NAIA«'» MO. OA M«AT AT ACS 

»KTA MC MCP AUAA AKA*'<]t tMTN Px-MIM COA1AA VMP>’itAA 

ft.lCiO 0.005 0. 0.600 1.500 0.050 0.080 0.015 0. C05 

Tt-AAI 5TOA* OA NCM CONSTANT# IK. MC*0. AKAM.»a£, *tC . . . #T0A 

MCaO. 004 #TOA 

#LP INP»V ■ 3 


t..*NA a 0.100 0.200 
PC ■ n.P99 0.326 
j„-M a 0. 0.890 


0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000 

0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

0.624 0.509 0.439 0.392 0.359 0.331 0.310 0.292 


♦ AATAAAAAAAA TVAr <50 OA STAAT O'/PA AAAAAAAAAAAA 


'SO 

idTA aO.lOOO i/NA «0.4720 ••'A »0.5290 pv *0. 1000 PC ■0.4554 

APACTIMITV CHAN‘?PS* PPLTA k 

ftijAN ■ 0.04777 pxA « 0.01456 #aap ■ 0. 02000 totac ■ 0.09233 

Aueu PtPMPNT l.'nLI-INK AAACTIONS 

Cl.APPtN'3 AUeU AP3I0N HEAT AIAp HAULANXCK H/AAQA 

0. 0.5890 0.4110 0.1644 0.2466 

HPVA3CJNAL COANPA COAAECTIDN FACTOA »1.1940 
NltMPFA OA HEAT ATPES * 115.0234 

MINTMMM AAACTICAL ^DA SPEC I A I EP') NUMfEA OA HEAT AIAE# ■ 266 


TEMPPAATUAE SUMNAAV * PE'SAAE KELI'IN 

MAhTMMM AI.IAL PEl-TA T = 86,5 nn/^<r- trt 

fiiOG PALTA T ACCAOFS HSAT AIAE HAUL « ^4.6 ORIGINAL PAuU, (o' 

ameaa'Se auau tempeaatuap =1643.4 OF POOR QUALITY 

MA\'XMUM FUEL TEMPSAATI.IAB =1708.3 
fijMM PPACTION OF tj 2 35 = 0.0796 
AXSriON PBNFiTv ^ A X ss T ON ? ^ cnaa3'* * 8.598ea20 

AueL. FHELLXNI?* •■‘OLIJNE *i = 0 . 


PEA-TOA PIMAMFIONP* MPTEPs AIJEC ECCMCNT PIMENStON#* MM 


0. 4554 

came PTfif-^erem 

26.54 

Htr TW 

ACCPO'SS HEV FCAT*5^ 

0. 4554 

came Hex»5WT 

27.87 

EOOX*/. 

FUEL ELEMENT DIA 

0. 6854 

Pri^CTOW IMia^HCTeF? 

27.87 

EOyXi/, 

FUEL PE«5ION O.D. 

0. 6654 

mwi^^cram mciisht 

17.87 

HEAT PIPE O.D, 

0 . t 0 0 0 

PEPLECTO^ TWtCKNEFy 

13.84 

•/APOP 

diametea 

1 . 0 0 0 0 

PTPfT LEN'HTH aUTSXriE PCPCTQP 

150.41 

l/APDP 

AAEA* MMAA2 

1 . 5604 

total hept pxpe len*?tm 




1 . 6654 

OMEPALL PEACTOP + WEAT pipe UEN*5TH 




PEA.- TOP WEX'SMTr* KXLD'SAAMS 

416.0 AOEU* u235 MAS# = 210.9 

442.0 PEAL-eCTDA 

424.5 HEAT PXAES* WT-'IJNTT CEN9TH <K.S-'M> = 272.05 
3':-. 0 CONTPOL SYSTEM (ASSUME CONSTANT = 33 KS') 
92. 1 -UAAOAT STPUCTUAE <7*J OA AEACTQP WT> 

1407.5 TOTAU PEACTOA T HEAT AIAE# 


91. ^1 MH 'mpp*; . a'">5 powp xn auscspace 15.04 kh«pchea pea meat pipe 
99.93 mhymtp 2» MTPiPE a 'Ial ht ai.u>< 0.760 mh 'm<*t2» htpipe pad htai_v 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦A 


TYPE <?0 OP -TOP 


^mat NO. 15 

IMiaiO.e TMP«l75ft. »TO* 


TY^« NCM IHI»UTI KH^a£ 


. . • STO^ 


(kcop*) < 1 * £-'uc* uo2> 
^1 * 2'*>ct •■o> 
<KHI»'> <1 «S* 3''n»*mo*m> 

<K(/AP»OPI> <lt£/|.t»NA> 

<ioi*tn) tl«2) 


0.20Q PC^CTOW ^OMVWfMM 

t750. ETWP-> MtPiT mimm K 

■565ft. •TiMK> LirrTiwtDAy# 

1.00 firCD) CO*>« L.''» P^TIO 

10.0 lOiikrfL.) MT Pf|uUVtKW/CM2 

200. MA-i' Fuse DCI.TA TrDB4> F 

l.fin <HFU1> FIF* «yT«Ni:iOMiM 
NOTK. OFTtONJF *F« * l~COP« FT DKSION* 2-SF«CXF|CV 

TVFF r.i FNV OF FOI.I.ONIN« I DCOFB <M> MMCF »/NFT 

NFIF»»!54 »tof 

84 <NF|FK> NO. OF HVAT FtFVS 
FKTF i/C I/CD FI.FF FKF*/« DHIN DVMIN 


coF« FHo^OuaS 
FKFCCCTO)> ■»CO 
M«FT FIFO MMO 
l/FFOF I 

OFT r ON »2 


DCSt«N 

FDSTA NF|F« 


.STOF 


COF9AF KND9FF 


O.lOO 0.004 0. 0.600 1.500 0.050 0.0:50 0.015 0.005 

TVFk: JTTOFt OF N«W CONfTFNT# IK. I/C“0. FKFI/««2. KTC ...STOF 

•/C“ 0.012 STOF 
SLO IMDKK ■ 3 

»/NF a 0. 100 0.200 0.300 0.400 0.500 0.600 0,700 0.800 0.900 l.OOO 

DC ' 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

Dcw = 0. 0.207 0. 142 0.115 0,099 0.088 0.081 0.074 0.070 0.066 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TYFK 90 OF STFFT Qi/KF ♦♦♦♦♦♦♦♦♦♦♦♦ 


90 

fCTA »ft. 100ft »'NF ■0.1501 ‘.'F fO.8499 dy fO.IOOO DC fO.3115 

FKFCTJI/ITY CMFN9KS* DKCTF K 

tuFN ■ 0.00464 KVF ■ 0.01612 sffk ■ 0.02000 totfu • 0.04076 

FOCL CC.KMFNT I'OIUMK FFFCTION# 

CCFDDIN9 FUCU FK9ION MKFT FIFK WFL.C+WICK l/FFOF 

0. 0.9558 0,0442 0.0177 0.0265 

MK^A.-ONAl- COFNKF CDFFKCTION FFCTOF ■1.0020 
MUMEF» DP HeFT piFe’s “ 31.5836 

MIMIMMm FFACTICFU <0F SFECXFICD> NUMIKF OF MKFT FXFKS ■ 84 


TFrlFFNATUF* fiJMMAFY* DK9FKE KKL*/IN 


S'.'FM 
Ft ICL 


t*|S| TMUM FUEL. DBLTF T = 75.2 

fti'-ii DELTF T ACCFOrS HFFT FIFK WFI.U ■ 3^4 

iSiueFF9« FUEL. TCMFKFFTUFK “1778.4 
MF- IMUM FUEL TKMFKFFTUFK ■ 183 0.3 

FFFtrTiOM DF u235 *••'. 0077 

IDN DENSITY ' FIJSI 0 N?''CMFF 3 > ■ S. 345 k +19 
ruei_i_iN9«uoi_uME ''J ■ fR |.4» 
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FEFCTDF 

0.51 15 
ft. 5115 

0. 5415 
ft. 52 15 
0. 1 000 

1 . ft 0 0 0 
1.41 65 
1.521 5 


DIMENSIONS* METEFF 
COPF DIFiMETEF 
CO»F MEI9HT 
FEFCTOF DIFMETEF 
PEACTOF HEI9MT 
FEFLECTOF THICKNESS 
FIFE LEN9TM OUTSIDE FEFCTOF 
TOTAi. HEAT FIFE L.EN9TH 
OI‘EPAl_L FEACTOF+HEAT FIFE 


FUEC ECEHENT DIMENSIONS* KH 

32. 18 WIDTH ACCFOSS HEX FLATS 
33.79 EDUtl/. FUEL ELEMENT DIA 

33.79 BDUIU. FUEL FE9XOM O.D. 
7. 1 1 HEAT FIFE O, D. 

5.51 i/AFOF DIAMSTEF 

23.80 t/AFOF AFEA* mmff2 


LCN9TH 


FEACTOP IIEI»5HTS* KtL09PAMS 

214.3 FUEL* u235 mass ■ 108.7 

240.2 PEFLECTOP 

l’9.3 meat fifes* wt.'unit len®th i'k9ym> ■ 13.60 

55. ft CONTPOL SYSTEM fASSUME CONSTANT « 3.3 K9"> 
55.5 SUFFOPT STPUCTUPE OF PEACTOF WT > 


542.2 TOTAL PEACTOP + MEAT FIFES 


10ft. 04 


MM.'MFF'5« Ai POWP IN FUEL SPACE 2.38 KW*FOWEP FSP HEAT FIFE 

MW..'MFF2» MTFIFE A:fIAL HT FLUY 0.442 MU 'mFF2* HTF IFE PAD HTFLX 


TYPE GO OP STOF 


30 


•70 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

(»POf MO. 16 9**18“78 TV»« N«M IN^MTl . . . STO^ 

Plt«0.4 #TO»* 


0.4 on OVACTOO ^OM«N»MM 

1790. fTHP') M»#*T Pimtr TKM»>t>K« K 
3690. frxMC^ uxr«TiM«» ©^vf 

1.00 CO^V C^'© HATXO 

10.0 ^PAVI.) Ak-XAI. NT ^LUi^*KM''Cm2 
200. vTPnp i') MPM pijmc ©kcta Tt©«« k 

1.00 <H^l1> PtP9 CXTKNSXONtH 

MOTK* O^TXOMS A9C I l~CO©K ©KSX«M» 2-t»«CXFXC© 

TY^C XM ANY OP ^OLLOMXNO t ©CD»C <h'> vMCF (/N^T 
N^I^««84 STO^ 


<Kcowii> <1*3 /'mC(Uo2> COOK ■ho60uo2 
(ltS.'»K«*KO) 0«^L«CTO» «t»IO 

<MH»'> Cl*2«3>'NVfHO«M'> MC#»T PtPO *MO 
f 1 # S-'c X » t/mpom ■•.x 

<XO»TN) <1*2> OPTION ■£ 


©■«X«N 

PBmrm NPtPO 


,9TOP 


• CTA 


84 (Nf»XrK) NO. or H«(NT PtP99 
i/e uc© Acrr i»ka^<* ©hxn 


©XHXN coroAr ONSOAr 


0 . 100 0. 012 0. 0.600 1.900 0.090 0. U80 0.019 0.009 

TYPPt STOP* OP Nirw CONST^NTf XK. ‘/C^O. rKAt'O^g. KTC ...STOP 
STOr 

ICP .XN©CW ■ 3 

•/Mr ■ O.lOO 0.200 0.300 0.400 0.900 0.600 0.700 0.800 0.900 1.000 

©c « 0.239 0.326 0.363 0.41S 0.479 0.962 0.694 0.961 1.794 ♦. 

©CM » 0. 0.293 0.201 0.163 0.140 0. 129 0.114 0.109 0.098 0.093 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TYr« *70 or #Trrr O'^cr »♦♦♦♦♦♦♦♦♦♦♦ 


•70 

■*Tr aO.lOOO »/Nr ■0.1843 '/r ■0.8192 ©x "O.IOOO ©C ■0.3214 

rrrcTX'^XTY CHrM*7VS« ©«LTr r 

©i.irN ■ 0. 00881 Kxr ■ 0.01612 frr« ■ 0.02000 TOrri. ■ 0.04493 

ntru «L«M»NT •/OL'/MV rrrcTiOMi 

CLr©oxN»7 rtjjru rc«xoM hk^-vt rir* nal.l.'^’Mxck vrror 

0, 0.9167 0. 0&-' 0.0333 0.0900 

corNr»* corrrcTiOM rrcT-.* «1.0070 
MijMrr* or hfat rxr«» ■ 46.9970 

MXMtMUM rri»iCTicri. <or srrcirxBD) N'/Mtcr or hept rxr«» ■ 84 


TCMrcPiMTijre •s».i»^mppv» ©Bsrre Kei_t/iN 
PUKL. ©ei>Tr t ■ 110.8 

*•■••5 ©KLTA T l«iccra*s HBrT riPB ■ 6.9 

pi'KPP^m ruCL TCMrrrPTurr *1793.9 
mavimum Foeu TFMrerpTurr =1870.7 
©ijPM rppCTiDM or 1/239 *0. 0147 

nSrlDN PENriTY ■ F t ss X OM= 'CM*r3> ■ 1 . 989E+20 

ruBL. SUBUl XNi?. i/OU'JMB J; * 6t 


omoPM- 

OF POOR QUM-ITV 


■rrcTOB 
0. 32 1 4 
0.3214 
0.9914 

0. 9314 

0. 1000 

1 . OOfiO 
1 . 4264 
1.9314 


DIMBMJIOMS* MBTBrs: 


ri/VI. ELKMCMT © I MEN:? I one R MH 


cars ©iPMETEP 33.19 

corE MBi<3WT 34.89 

■ErcTor ©xrMETEr 34.39 

rErcTor hex'Iht 10.06 

rEri_ECTor tmicknefs 7.79 

rirr l.em*7Th o'jtji©e peactop 47.66 

TOTAL HEAT FIFE LEN>7TH 

Oi/EFA’-L PEACTOr+MEAT FIFE LEN9TM 


W4XPTH ACCrOi’E HEX FLAT* 
EO'JXl''. FUEL ELEMENT ©XA 
EO'JXI/. FUEL rEi7XON O. ©. 
HEAT FXFE O.©. 

*/AFOP ©lAMETEP 
• /AFOP APBAp MMFF2 


PEACTOP WEIGHT-?. KILOGPAM's 

229.6 n.iEL» '.•£39 mas.s 


114.4 

291.9 PEFLECTOP 

38.8 HEAT FXFESf WT/ijNIT length <KG--^'M> ■ £7. £2 

33.0 comtpol lYsren cometant * 33 kg> 

38. 9 suffopt STPt.tCT»jPC <7^: or peactop wt> 


987.9 TOTAL PEACTOP + MEAT FIFES 


16.94 mw/mff3«a'/g rowp iw fuelsface 4.76 km.fowsp fbp heat fife 
99.92 MW-''t4FF2«MTFIFE A I AL HT FLUX 0.6l<9 MW •'MFF2 » HTF I FE PA© HTFLX 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦A 


51 


rrn» 




•►••o* NO. 17 5-18-78 Tv^« Ncu in»mt* kh»«S ...stoi» 

I»l»a0. 7 #TOI» 


^KCO^B^ < 1 » S ’tJC * uo2) 
<Kn«F> (1 tS'tB* »BO) 

( i * SyL I * N#»> 
<IO#TN> <t*2> 


0.700 mg^CTom ganKf*Mu 

1750. HB^T gjgm TBM^»PB« K 

3850. ^TIMB") LIBBTXMBtO^vf 

1.00 ?fUD> CO»B L.'o »i%TXO 
10. 0 <pmyL'> mtfjm mt Buuy • kw.^Cm 2 
goo. <rOTBM*V> M^X- BUBL OBUTA Tt»B« K 

1.00 <M»ul> f*XBB rXTBNfXON*M 
MOTC* OPTIONS APR i 1 -COPB PT DBBXBNi S-SPBCXPXBP 

TYPB XN ANY OP ROLUOMXN4 I CCOPB <M> XABR <M> t'NPT 

npipr»120 stop 

120 ^npxpb) no. op mbat pxpbs 

BBTA MC «/CD AL.PA PKAMO »MXN OXMXN C0P9AP 

0. 100 0. 012 0. 0.800 1.500 0.050 0.080 0.015 

TYPRX stop* op NBW CONSTANTS IB. i/C"0, PKA»^«Sp2. BTC ...STOP 


coPB ■no80uo2 

PB» ;.BCTOP PtBO 
MBAT PIPB PHO 
i/APOP PU I 

OPTION p2 


DBBIBN 
PBBTA NPXPB 


STOP 


BNS9AP 

0.005 


•.-CpO. 008 STOP 
SL.D XNDSi^ ■ 3 

it/NP ■ n.lOO 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 

DC * 0.299 0. 328 0.383 0.412 0.475 0.582 0.894 0.981 1.754 ♦. 

DCM ■ 0. 0.380 0.283 0.214 0.184 0.165 0.150 0.139 0.130 0.122 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TYPR ISO OP STAPT O'^BP #♦♦♦♦♦♦♦♦♦♦♦ 

40 

»KTA pO.IOOO MNP pO.2284 mp pO.7738 dx pO.1000 »c pO.3343 

PSACTIMXTY CMAN4SS* DBUTA K 

SUPN ■ 0.01435 BXP • 0.01612 sapb p 0. 02000 total p 0.05047 

PMBL SLRHRNT MOLUMB PP ACT IONS 

CLADDXN4 P'JRL ABdlON MBAT PIPE WALL'TWXCK VAPOP 

0. 0.8665 0. 1335 0.0534 0.0801 

H.FYAiKONPL COPNPP COPPBCTXON PACTOP *1.0180 
N'JMSRP OP HSAT PIPES P 61.1476 

MttilMUM PPACTICAt <OP SPRCIPXB»‘> MtJMf-tP OP MBAT PXPBS ■ 120 


TRMPSPATiJPB SUMMAPY* DB4PBB KBLMXN 

MA- INt.iM Pt.'BL DELTA T ■ 101.9 ORIGir«AL PAQB IS 

AM«5 DELTA T ACCPOSS MEAT PIPE WALL p 7.7 Qf PQQR QUALITY 

aivepa'SE puel tempepat'jpb ■ 179 1.7 
MAX'! MUM PUEL TEMPEPATUPE ■ 1863. 4 
BUPN PPACTXDN OP u235 *0.0239 
pissiON DENSITY <p X ss I ONS'' cmpp3’> * 2.5S4e-^20 
PUEL SWELL XN4»t 'OLUME ’4 • OS. 4.3 


PEACTOP DXNENSXDNr* MBTEPX 


PUEL ELEMENT DIMENSIONS* MM 


0. *! ?!48 COPE DtAMETBP 29.00 

0.3348 COPE MEX4HT 30.44 

0.5843 PEACTOP DXAMETEP 30.44 

0.5448 PEACTOP MEX4MT 11.12 

O.IOOO PEPLECTOP TMICKNESS 8.62 

1.0000 PIPE LENGTH OUTSIDE PEACTOP 58.31 
1.4398 TOTAC HEAT PIPE LEN4TH 
1.5448 OUEPALL PEACTOP+WEAT PIPE LEN4TM 


MIDTM ACCPOSS HEX PLATS 
BOUIM. PUEL ELEMENT DXA 
BOUIM. PUEL PB4XON O. D. 
MBAT PIPE O.D. 

MAPOP DXAMBTBP 
MAPOP AMEA* MMPP2 


PEACTOP WETiSWTS* KILOiJPAMS 

242.3 PUEL* u235 mass * 122.8 

288.5 PEPLECTOP 

88.5 HEAT PIPES* WTYUMIT LEN4TH * 

33. 0 CDNTPOL SYSTEM ''ASSUME CONSTANT * 33 
42.9 SUPPCPT STPUCTUPE •i73; OP PEACTOP WT) 


47.58 


855.2 TOTAL PEA'CTOP + MEAT PIPES 

27.82 mwym«-» 3 , ,«,i ...5 pcivip i*4 puelspace 5.83 kh*powep pep meat pipe 
10ri.05 mwym.»#2, htp IPS A-.'IAL mt pluy 0.844 mwympp2* wtpipe pad mtplx 


3 ^ 


type nw STOP 


. . . sra ^ 


>fU 

NO. 18 5-18-78 

* TO ^ 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

TV^« N«W XrmUTt ^laal. KH^"S 


1.000 

1750. 

3850 . 

1. 00 
1 0 . 0 
200 . 
1.00 
NOT*» 
TYI*« 
Nrt »»«» 


< KCOf « K > <1 » 2 >^ uc » uo £) 
<K»CF> <lr2^»K*»Ba> 
<kh»> < 1 f 2 » 3 /nii * ho » n> 
< Kn /«^ a »*> < 1 » £•^ 1 . X » Ni * ) 

<XO*»TN> <^1»£> 


<THI»> HmtST ntWK TKM^»r>K'» K 
<TXMK> L XFKTIMrt I>i»vaF 
CD»K l-V® Pi^TIO 
«Yli«iU. HT FLUV* KW-^CM£ 

C'®TrM#»Y> MAY FUKL OKL.TA T»D*0 K 
CmA 1.1> P»TAK *XTKN#tDN»M 

OATXOMS A»K I l~CO®K AT ®CSX9N» £-*A«CXASE» 
IN ANY U(f AOCLOWINiJ : OCOAK <0> WA«A ^M> «yNAT 

I €.2 STOA 


CO AC ■mo<S0uo£ 

ACALCCTOA >BCO 
MCAT AX AC •MO 
VAAOA "t. X 

OAT' ON »»£ 


DCSX9N 

ASCTA MAX AC 


*TOA 


162 <NAXAC> NO. OA HCAT A I ACS 

SCTA >/C t'CO ALAA AKA»/« BMXN DXHXN COACAA CN©«»AA 

0. 100 0. 008 0. 0.600 1.500 0.050 0.080 0.015 0.005 

T»'ArS STOA* OA MC.’l CONSTAN ; IC. */C“0. AKA«/>C*2. CTC . . . STOA 

VC»0. 006 STOA 
SUD TNI>CX ■ 7< 

i^ma a 0. 100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 U.900 1.000 

®<“ a 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

®CN a 0. 0.449 0.313 0.255 0.220 0.197 0.179 0.166 0.155 0. 146 


♦ ♦♦♦♦♦♦♦♦♦♦A TYAE ■SO DA STAAT DMCA ♦♦♦♦♦♦♦♦♦♦♦♦ 


90 

»CTA afi.iooo t'NA »0.2630 »/A »0.7370 »x *0.1000 oc *0.3482 

i » eiS ^ CTX»/tTV CMRWrtCS ? DKL . TP1 K 

PIJPN a 0.01915 CXA a 0.01612 SAAC » 0. 02000 TOTAL, ■ 0.05527 

PUEL CLCHCNT ».“•aUUME t ONS 

CL-iS^DDXNG FUEL WEt^lON HEil^T FIFE WFCL-»-WXCK U>^FOF 

0. 0.8233 0.1762 0.0705 0.1057 

H€‘:<'#=^'^aNAL COFFECTICJN FFCTOF » 1.0315 

NUMFFP OF HEMT FIFES = 71.2219 

MIfiTMtJM PRi=»CTIC^L. <QR SFECXFXEO> h4UMBEW OF HEFT FIFES « 162 


TEMFFPFTUPE SUMMARY » PEGREE KELI/XN 

MAXIMUM FUEL BELTF T = 97.9 

riELTF T FCCROSS HEAT FIFE HALL = 7.8 

AVERAGE FUEL TEMPERATURE =1787.1 
MAXIMUM FUEL TEMPERATURE =1849.7 
BUPM FRA»TTXON OF u235 =0. 0319 
FTssroi^j DEMsiTi" <F I ss I DNS **'cmff3> = 3.447e+ 20 
FUEL SV4ELLXNGO..*nLUME *: = ^ 5*. 7 


ORiGSfiAl. PAGE IS 
OF POOR QUALITY 


ACACTOA t, MENS 1 DNS » METERS 
0.5482 CORE ©IRMETER 
0.3482 CORE HEI3MT 
0.5782 REACTOR DIAMETER 
0.5582 ABACTOR HET«HT 
0. 1000 RPALBCTDR TW I Ct-'WESS 
1.0000 AIRE L.ENJSTH DUTSXDE REACTOR 
1.4532 TOTAL HEAT A TAB LENSTH 
1.5582 OVERALL REACTOR+KEAT AIAB LENGTH 


AUEU CUEMSNT DIMENSIONS!) NM 

25.97 WIDTH ACCROSS HEX FLATS 
EODXV. AUCL ELEMENT DXA 
EOUIV. FUEL REOSION O.D. 
HEAT AXAE O.D. 

VAAOR DIAMETER 
VAAOR AREA» MMAA2 


27.27 
27.27 
U.45 
8.87 
6 1 . 74 


REACTOR WEIGHTS* KILOGRAMS 

259.4 AUEL» )j235 mass = 131.5 

REFLECTOR 

HEAT AIAESi) WTXijnIT LENGTH <'kG'M.> ~ 68.02 

CONTROL SYSTEM < ASSUME CONSTANT = 33 KG> 


285.5 
98.8 
33. 0 
47.4 


SUAAORT STR'JCTURE 


OF PEAirTDR WT> 


72"4. 1 TOTAL REACTOR + HEAT A I AES 

36.84 mw.'mtt' 5« A«.‘i5 aowp in fuelsaace 6.17 k.i-ijacwer aer heat aiae 
99.88 mw,'maa2!>htpi AE axial ht flux 0.637 mw 'm<.^2, htaiae rad htflx 

♦♦.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦A 




TYPE GO CIR STOP 


W 09 MO • « W tw * • V - . • • »*- 'mr I » w- — * • w^w-wr mm m w w mw w mmw- 

•*»•■£•. TM»*«l750. timk«3650. kcq?i««9 kmk^« 2 Kt/AraM«l io^tn*2 sto^ 


1 C-2i-ri3 -rvti-w nkm iNi»yT: km»-*2 ...«to^ 


<Kcanc> < 1 » 2/'uc » ua2> 
<KPCr> <l>2/»B>»Ba> 
<KHI»> <l»2»3/'NB>MOf H> 
<K«/AI»OM> <1>2/'I.X>NA> 
<XO»*TN> <l»2> 


cam «Mo60ua2 
nKri.KCTDM atBCa 
HEAT AXAE aHa 
l/AAOH »l.X 

OATXON »2 


X>EEX«N 
r»STi NAXAB 


. STOH 


CNS9AA 

0. 009 


2.000 <f»H> REACTOR RDMER»MM 
1790. i'THR> HEAT RXRE TEMR»BE« K 
3690. <TXHS> l_XrETXME»X>AYE 

1.00 (fL.I>> CORE L.>^.0 RATXa 

10.0 <DAXL> AXIAL HT RLUX»KH/'CM2 
£00. <1>TRHAX> MAX RUSL DELTA TfDEtf K 

1.00 *'hRL 1> RXRE SXTENSXONfH 
NOTE> aRTIDNS ARE * , 1-CODE RT DEEXON* 2-SRECXRXED 

TYRE XN ANY DR ROLLOHXNO * DCORE <H> XRER <M> V/NRT 
N;* XRE»£ 1 0 ETOR 

210 <NRXRE> NO. OR HEAT RXRES 
SETA VC VCTt ALRA RKAI/O BMXN DXHXN COROAR 

0. 100 0. 0.090 0.600 1.900 0.090 0.080 0.019 

tyre: etor* or neh conetante xe. vc«0. rka«./9«2. etc ...etor 
i/c»0. 005 VCD»0. ETOR 
ELD INDEX » 3 

WNR « 0.100 0.200 0.300 0.400 0.900 0.600 0.700 0.800 0.900 1.000 

DC » 0.299 0.326 0.363 0.412 0.479 0.562 0.694 0.961 1.794 R. 

DCH = 0. 0.632 0.442 0.360 0.311 0.278 0.253 0.234 0.219 0.207 

♦ ♦♦♦♦♦♦♦♦♦RT TYRE OO OR ETART OiyER RRRRRRRRRRR 

ADJUST SETA ROR 3.33^ ENELLXN«7 
BETA »0. 1000 i^NR *0.3566 VP *0.6434 Dx *0. 1000 DC 

REACT XU XTY ' CHAN'SEE* DELTA K 

BURN * 0.03138 EXR * 0.01612 eare 

FUEL ELEMENT UOLUME RRACTXDNE 

CLADDXN9 RUEL RE9XON HEAT RXRE HALLRHXCK UAROR 

0. 0.7185 0.2815 0.1126 0.1689 

HEXAiSDNAL CORNER CORRECTION RACTOR *1.0825 
NUMBER OF HFAT RIFES * 92.2398 

MirilMUM PRACTICAL <OR SRECXRXED> NUMBER OR HEAT RXRES * 210 


DX *0. 1000 
0. 02000 TOTAL 


•0.3893 
0. 06750 


TEMPERATURE SUMMARY » DEGREE KELD TN 
MAXX.MUM FUEL DELTA T *, 87,8 

AUG DELTA T ACCRDSS HEAT RXRE WALL « 10.8 

AUERAGE FUEL TEMRL'ATURE *1790.1 
MAXIMUM FUEL TEMRERATURE *1854.0 
BURN FRACTION OF u£35 *0. 0523 

FISSION DENSITY <F ISS X 0NS/'CMRR3> * 5.648E+20 
FUEL SWELLING* UOLUME = 3.10 K 3 S 


ORIGINAL PAGE IS 
OF POOR QUALITY 


RP. ACTOR DIMENSIONS* METERS 


FUEL ELEMENT 01 MENS IONS* MM 


0.3893 CORE DIAMETER 25.52 

0.3893 CORE HEIGHT 26.80 

0.6193 REACTOR DIAMETER 26.80 

0.5993 REACTOR HEIGHT 14.22 

0. 1000 REFLECTOR THICKNESS 11.01 

1. UOOO PIPE LENGTH OUTSIDE REACTOR 95.26 

1.4943 TOTAL HEAT PIPE LENGTH 

1.5993 OVERALL REACTORTHEAT PIRE LENGTH 


MIDTH ACCRDSS HEX FLATS 
EOUIU. RUEL ELEMENT DXA 
EOUtU. FUEL REGION O.D. 
HEAT RXRE O.D. 

UAPOR DIAMETER 
UAROR AREA* MMRR2 


TOR 


WEIGHTS? 

316.6 
341.3 
2 03 . 3 
33 . 0 
62. 6 


K I LOGRAMS 

FUEL* U£35 MASS = 160.5 

REFLECTOR 

HEAT PIPES* WTXUN7T LENGTH <KG''M> » 136.03 

CONTROL SYSTEM ^ASSUME CONSTANT = 33 KG> 
SUPPORT STRUCTURE <7'A OF REACTOR WT> 


956.7 TOTAL REACTOR + HEAT PIPES 

60.3? m*umpr3»aug powr in fuelspace 9.52 kw> power per hhf pipe 
99. 9S mw/mF'P2> htpipe axial wt flux 0.707 Mw/->f»p2 * wtpire rad htflx 


type go or end 


NO. 3 6-14-78 

sram 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

TYF« NCM tUfUjrt KM^»S . . • STOf* 


’/ 


<Kcof»K> <1 >£/’uc>ua£> 

<Kf»cr> <l>S-^*K»»CO> 
<KMI»> < 1 » £ » S'-'Nft » MD» W> 
) < 1 » S^L r f N^> 

<XOI*TN.> <!»£> 


4.000 (P’m) PCACTOP POMCn^MM 
1750. <TH»»> HK*T TCN^>t»K« K 

3690. <TXM«> UXF«TXM«»P«Y* 

1.00 <?UD> cow* L/» WWTXa 

10.0 wyiac mt flux!>ku^'Cn£ 

200. <DTFM#iX> MWX WUKL. »KLTW T»D*9 K 

1.00 WXW* SXT*N*I0N!>M 

NOT** OWTXONS WW* ! 1-COO* WT CK*X9N> £-*.W«CXFXKX) 
TYWe IN WNV nw FOL.I.ai4XNiEI X OCOW* <M> XW«F <M> UMWT 

np-i»*k«264 *tdw 

£64 <NWXWK> NO. ow 
»KT« H/C UCO WUWW 

0.200 0. 004 0. 0.600 


cow* «No60ua2 

WKWI-KCTOW »t*0 
HBWT WXW* »MO 
VWWOW »L X 

DWTXON ■£ 


OKSX9N 
WOKTW NWXWC 


.STOW 


HKAT PXWK* 

PKWt/9 *MXN X)XHXN COW9WW CNOOWW 

1.500 0.050 0.080 0.015 0.005 


TYW*: STDW» DW NKW CONSTANT# XK. VC*0. l*KWt'»*2. ETC . . . fTDW 

£CTW* 0.289 STOW 
SLO INDEX » 3 

>. Nw « O.lOO 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 

DC » 0.299 0.326 0.363 0.412 0.475 0.562 0.694 0.961 1.754 ♦. 

DCM * 0. 0. £.720 0.747 0.538 0.443 0.385 0.345 0.315 0.292 

♦ ♦♦♦♦♦♦♦♦♦♦♦ TYW* «a Dw STwwT o»/ew ♦♦♦♦♦♦♦♦♦♦♦♦ 

•?□... ADJUST DCTA TO LXNXT INDICATED SMKL.LXN9 TO 3. 337i <XC 10^ SWCUL. > 

B*TA »0.2890 •-'Nr »0.5331 vw »0.4669 Dx *0. 1000 DC *0.5003 

R*ACTI»/ITY CHAN«*S> DELTA K 

BURN m 0.04075 EXA » 0.01612 SAW* « 0.02000 total ■ 0.07687 

FUEL ELEMENT l/DLUME FRACTION* 

CLADDXN® FUEL REGION MEAT FIFE WALLTWICK I'AFOA 


0. 0.6594 0.3406 0.1363 0.2044 


HEXAGONAL COANEP COAFECTXON FACTOR *1.1230 
NUMBER OF HEAT FIFES * 123.4099 

MINIMUM FAACTlCAt. <OR SPECXFIED> N»JMBER OF HEAT FZFE3 = 264 


TEMFSRATURE Sl.'MHARY » DEGREE KEH-'IN 
MAXIMIJM FUEL DELTA T = 93.5 

Al'G DELTA T ACCROSS HEAT FIFE WALL * 13.4 

Al'ERAGE FiJEL TEMPERATURE =1794.5 
MAXIM'JM FUEL TEMFERATURE *1863.5 
BIJRN FRACTION OF u235 =0. 0679 

FISSION DENSITY < FI ss I onsxcmat3> = 5. 794et£0 

FUEL SWELL ING » *'OLUME *; = j H OS * ^ 


OR1G5WAL PAGE IS 
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h 

0 . 
0 . 
0 . 
0 . 
0 . 
1 . 
1 . 
1 . 


>• j D«». 1" ' ' '• ' ' - 

top DIMENSIONS!* METERS 
5003 COPE DIAMETER 
5 0 03 CORE HE I GHT 
7303 REACTOR DIAMETER 
7103 REACTOR HEIGHT 
1000 REFLECTOR THICMXESS 
0000 RIFE LENGTH O'JTSIDB REACTOR 
6053 TOTAL HEAT FIFE LENGTH 
7103 Di..'ERALL REACTOR+HEAT PIPE LENGTH 


F'UEL ELEMENT DIMENSIONSF MM 


29.27 
30.73 
30.73 
17.94 
13. 89 
151.58 


WIDTH ACCROSS HEX FLATS 
ECiUI'.-'. F'JEL CLEMENT DIA 
SOU XIX. FUEL REGION O.D. 
MEAT RIPE O.D. 

L'AFOR DIAMETER 
VAPOR AREA? MMFT2 


PSACTOR 


WEIGHTS!! KILOGRAMS 


518. 0 
436.8 
33. 0 
103.3 


FUEL? u235 MASS = £47.2 

REFLECTOR 

HEAT FIFES!! NTXIJHIT LENGTH <KG''M> = 272.12 

CONTROL SYSTEM < ASSUME CONSTANT = 33 KG.) 
SUPPORT STRIJCTIJRE <75i OF REACTOR WT> 


1578.8 TOTAU REACTOR + HEAT PIPES 




61. ‘?4 POWP IN FUEUSFi=rCS 15.15 KW*FDWeR PKR HERT RIPS 

hw/MP^iE:* HTPIFE WT FUUX 0.694 HTPTPE HTFUX 


